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WESTMINSTER DREDGING COMPANY LIMITED 


(E. D. KALIS-MANAGING DIRECTOR) 
The Organisation with 3 Centuries of Dredging Experience 
12-14, DARTMOUTH STREET, WESTMINSTER, LONDON, S.W.1 
Tel.: Trafalgar 6835 6 And at BROMBOROUGH, CHESHIRE Rock Ferry 4255 & 4530 
CONTRACTORS TO THE ADMIRALTY AND CROWN AGENTS 
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PRIESTMAN SYSTEM 





THE PRIESTMAN SYSTEM OF 
GRAB DREDGING —the result of three- 


quarters of a century’s experience—is both 
economical and accurate in operation. The 
‘*Under.Water Eye,’’ fitted to all Priestman 
Grab Dredging Cranes, ensures accurate levels 
at predetermined depths. 
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The PRIESTMAN SYSTEM permits the cleaning of wharves: of all the usual dock debris. 


PRIESTMAN Grab Dredging Cranes give continuous trouble-free service as regularly as tide follows tide. 
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The construction of Marine Dredging 
Plant is a highly specialised business 
with which the name SIMONS 
has become synonymous. Specially 
designed to meet every dredging 
problem Simons Dredgers are oper- 
ating in every quarter of the globe. 


HOPPER AND BARGE LOADING 
BUCKET DREDGERS 


BARGE LOADING BUCKET DREDGERS 


BARGE LOADING RECLAMATION AND 
SIMONS CUTTER SUCTION DREDGERS 


TRAILING SUCTION HOPPER DREDGERS 


GOLD AND TIN RECOVERY DREDGERS 


REPLACE PARTS FOR EXISTING 
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INVENTORS AND FIRST CONSTRUCTORS OF HOPPER DREDGERS 
Sistine? ‘SIMONS, RENFREW.” 
London Office : 157, VICTORIA ST., WESTMINSTER, S.W.1 
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and it isn’t a matter of luck that the 
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The K.L. Kalis Sons & Co. Ltd. flag is known all 
over the World and recognised as an emblem of 
skill where ever Harbour works reclamation or 
dredging is in operation. A large and comprehen- 
sive fleet of modern dredgers, tugs and other equip- 
ment is available to undertake contracts for all 
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Editorial Comments 


GLASGOW HARBOUR IMPROVEMENTS. 

Glasgow is situated on the River Clyde, which in bygone days 
was so shallow that only smali boats could navigate its tortuous 
channels. The exercise of engineering skill throughout the cen- 
turies, however, has resulted in the present impressive waterway 
and the conversion of Glasgow into a prominent sea-port, which 
to-day is visited by vessels from all over the world. It is fortunate 
that the maximum tidal range in the river is only about twelve 
feet, thus rendering a closed system of docks unnecessary, the 
so-called docks of Glasgow and the Clyde being, in reality, a 
series of open tidal basins and wharves accessible to shipping at 
all states of the tide. 

Several men famous in engineering have been connected in one 
way or another with the development of the Clyde and its ports, 
among them being Smeaton, Watt, Golborne, Rennie, Telford 
and Walker. It was Golborne however who, in 1773, by the now 
orthodox system of contraction, dredging and training works, 
successfully enabled the river to commence deepening its own 
channel. Since that date dock construction and river improve- 
ment have proceeded more or less continuously. 

From an engineering point of view, the dock works in Glasgow, 
and on the river, present some novel and interesting features, and 
an examination of dock wall types reveals an astonishing variety. 
One of the reasons for this is, that over comparatively large areas 
of the valley of the Clyde there is no geological uniformity in the 
strata, many kinds of material being met with, ranging from run- 
ning sand, alluvial silt, and gravel to boulder clay and basaltic 
rock. Moreover, in some places, changes in the strata are so 
unexpectedly sudden that it has occasionally been necessary to 
change from one form of construction to another in a relatively 
short distance. 

Our readers will therefore be interested in the article on a fol- 
lowing page, describing the construction of a dock wall in Glasgow, 
by the use of steel caissons sunk into hard boulder clay with the 
aid of compressed air. The system was adopted as a result of 
experience gained a few years before the war, during the con- 
struction, by similar methods, of another portion of the same 
frontage. 

The caissons employed are somewhat unusual, as both perman- 
ent and temporary steelwork were used, and they were constructed 
end launched from a staging in an ingenious manner and sunk 
to a shallow penetration. 

In the previous construction work, it was reported that con- 
siderable difficulty was experienced in expelling water which had 
penetrated into the working chamber by reason of blows due to 
porous pockets in the strata or too high air pressure, occasioned by 
he use of pneumatic tools. The “‘ blow’’ pipe arrangements 
used in the recent work appear to nave been particularly effective 
in obviating anv recurrence of such trouble. There are several 
other interesting features connected with the Plantation Quay 
‘onstruction, which are worthy of study. 


FLEXIBLE STEEL PILED RETAINING WALLS. 

On a following page will be found a Paper by G. P. Tsche- 
botarioff, which he presented at the Seventeenth International 
Navigation Congress. The author describes recent tests carried 
out with large-scale models to study the arching of sand back 
fills, and gives some interesting information concerning the results 
obtained with new techniques of measurement. The analysis of 
these indicates that certain hypotheses hitherto accepted for deter- 
mining earth pressures on flexible retaining walls may not be 
fufilled in practice, and that it is still an open question whether 
arching of sand or other soils, vertically or horizontally, can occur 
under field conditions. On the other hand, the reverse of these 
conclusions has been apparently confirmed by observation of full 
scale walls in Denmark and experimentally by R. N. Stroyer, 
M.Inst.C.E. in London, and by others. 

The Princeton results have been met, in some quarters, with 
scepticism, but it is only fair to say that while it appears probable 
that a certain amount of arching may take place in certain soils, 
where anchored flexible piling is employed, it is by no means 
certain what is its magnitude or to what extent, if any, the stress 
in the piling is likely to be reduced. 

More investigations appear to be necessary before this question 
of soil mechanics and earth pressures can be regarded as having 
reached finality. 

NEW PORT OF ABIDJAN. 

On February 6th last, more than fifty years after the first plans 
were made, the new port of Abidjan was officially opened. Situ- 
ated on the Ivory Coast, and terminus of the railway from the 
interior of French West Africa, this new deep water anchorage 
will take the place of the former open roadsteads of Port-Bouet 
and Grand Bassam which have been used hitherto. 

The project was abandoned on two occasions, firstiy on account 
of the movement of sand, and again because of the recent war. 
Following the cessation of hostilities, the work begun in 1936 
was resumed, and last year, after 17 million tons of sand had been 
dredged, and over a million tons of rock had been brought to pro- 
tect the dykes, a canal, 3 km. long, 300 m. wide and 13 m. deep, 
to connect the 70 mile long lagoon of Abidjan with the sea, was 
completed. The entrance to the canal is protected by two outer 
breakwaters built of rubble mascnry, and further safeguarded 
by weighted fascine-work to prevent sand encroachment. 

In the lagoon, piers are to be constructed on the Petit-Bassam 
island, due south of Abidjan, and on its western coast, a 300 
metre wharf, reserved for timber-traffic, and a timber stock-yard 
equipped with powerful handling equipment are to be provided. 
A pier 575 m. long for passengers and general cargo, and a banana 
wharf are also scheduled, while further south a coal wharf is 
planned. The total length of these wharves will be 3 km., and 
in addition, large warehouses will be constructed behind the har- 
bour, and a goods station and bonded warehouses are to be built 








360 Tht Dock AND HARBOUR AUTHORITY 


April, !95] 


Editorial Comments—continued 


on the North-West side of the Petit-Bassam island. Work on 
the construction of the piers has already begun, and it is hoped 
that it will be completed in about 18 months. Meanwhile, ships 
are being accommodated at 12 tempcrary concrete mooring buoys 
which have been sited at the entrance to Banco Bay, loading and 
unloading operations being carried out overside with the assis- 
tance of barges and small craft. The quays will be equipped 
with eight cranes having a lifting capacity of 5 tons, and two 
with a lift of 10 tons, as well as with smalier cranes and elevators. 

The construction of Abidjan Harbour is an engineering feat 
of some magnitude and its successful completion brings credit to 
French technical skill. It is estimated that the new port facilities 
will enable 850,000 tons of cargo to be handled annually, and the 
trading prospects are very favourable in view of the extensive 
developments in agriculture and commerce which are being carried 
out on the African Continent. By virtue of its central position, 
the new port seerms bound to become the export and import centre 
of a great part of West Africa 
DELAYS TO SHIPS IN PORT. 

Attention has frequently been drawn in these columns to the 
proolem of ship delays in port, and in this connection, the speeches 
of the Chairmen of two important Annual General Meetings held 
respectively in London and Liverpool, referred in no uncertain 
terms to the seriousness of the position-in the shipping world which 
is caused by the slow turn-round of ships in port. 

In his speech to the Liverpool Steamship Owners’ Association, 
Mr. C. D. Storrs pointed out that the slow turn-round of ships in 
port is one of the biggest problems liner companies have to face, 
and delays in the majority of the ports of the world render nuga- 
tory nearly all efforts to effect improvement. In particular he 
instanced the unsatisfactory state of affairs at Australasian ports 
and said that ships of his company’s fleet had waited in port on 
the Australian coast during 1950 for an average of over 82 days, 
either completely idle or spent in a desultory fashion discharging 
or loading their cargoes. The corresponding average for 1949 was 
60 days and for 1948 was 56 days, whereas in pre-war days a fair 
average was 27 days. This wastage was equivalent to something 
in the neighbourhood of 50 ships being completely withdrawn from 
profitable service for the whole of the year by reason of the delays 
in Australia alone. 

Sir John Anderson speaking to the Dock and Harbour Author- 
ities’ Association, also expressed concern at the seriousness of the 
present situation and said that the handling of ships in many ports 
of the world left a great deal to be desired. In his view, there 
were at least three important factors that enter into consideration 
of the problem. These are the provision of adequate mechanical 
aids; effective co-ordination of the various interests—rail, road, 
shipowners and traders and in a number of cases the port author- 
ities and effective supervision of the ports themselves while the 
overations of loading and discharging are being carried on, so 
that abuses and slackness could be dealt with. We concur with his 
opinion that ‘‘ the matter is undoubtedly one which will have to 
receive continued attention, probably on an international basis, 
dvring the coming year.”’ 

In our view one of the chief causes of the trouble is the intran- 
sigence and unco-overative attitude of the dockers who resent any 
suggested improvement which they imagine affect their interests. 
and will nersist in restrictive practices even when they can be 
proved to be to their own detriment 
REDUCED MODEL EXPERIMENTS. 

We are fortunate in being able to present in this issue the first 
of a series of articles dealing with reduced model experiments on 
Apra Harbour, carried out by the Hydrodynamics Laboratories of 
the California Institute of Technology on behaif of, and in colla- 
boration with, the United States Navy Department, Bureau of 
Yards and Docks. These experiments comprise the use of methods 
and appliances of the most modern development for the exact 
scientific investigation of all kinds of water movement against the 
boundaries of, and inside of the harbour. They represent the 
work of a widely experienced and capable research team under 
the directorship of Robert T. Knapp, well known for his investiga- 
tions into Wave Surge Studies of the Pacific, and the effect of the 
Alaskan Earthquake, upon the waters in and about Los Angeles 
harbour. 


The investigation was exhaustive and the voluminous ata 
resulting deals with Breakwater locations; the many varied »)os- 
sible alignments, and the effect of the ocean waves, with and \ ith- 
out currents upon them. It also deals with the effects of the 
shape of the breakwater heads; the variations resulting trom the 
location of the entrance in different positions; the behaviou: of 
the harbour waters under varied outside conditions of the occan 
waters; the advantages or disadvantages of inner harbour wills; 
the effects of dredging shallows within the harbour; the set of the 
currents due to waves, and wave responses within the harbour 
affecting the berthing and docking facilities; the effect of open- 
ing up secondary channels to the sea to promote water circulation 
and prevent stagnancy or pollution of harbour waters. 

The whole series of articles embodies a number of ites ot para- 
mount importance to harbour engineers everywher. and our 
reviewer has selected typical items from the mass of da, sections 
and photographs to give cogency to the main feati.es. It will 
be evident that the investigation has been carried out with much 
more than the usual thoroughness, made possible by the good 
team work, and greatly facilitated by ample resources. 

It is now indisputable that reduced models for hydraulic pur- 
poses, particularly those dealing with maritime matters, have 
proved their worth economically, in fact, they have become an 
indispensable preliminary to all large maritime projects. Techni 
cally, the models give convincing evidence of the movements of 
water about the projects and, besides, render observable the re- 
sultant effects from all traceable causes. Thus it is possible to 
fix the optimum location and shape of all expensive constructions 
to attain a certain end. In the last few decades great demands 
have been made on the few better known laboratories at Delfi, 
Holland; Antwerp, Belgium; and Maisons Alfort, France; and now 
our own Government has founded a British Laboratory under the 
Directorship of Sir Claude Inglis, prior to which British engineers 
and our Lancashire Universities carried o:1t much pioneering work 
in this direction. 


PUTURE OF THE PORT OF MTWARA. 


In our issue of May 1947, an account was given of the proposed 
new port of Mtwara (or Mikindami) in Tanganyika, which it had 
been decided should be built there to handle the large consign 
ments of bulk cargo which, at that time, were anticipated from 


the Groundnut Scheme which had just* been inaugurated. Now 
that the Groundnut Project has been appreciably moditied, con 
cern has been felt as to the future of the port, upon which a con 


siderable amount of labour and money has been expended during 
the last two years. 

Linked with the proposals to build the port, was a plan to x 
tend the railway to open up the interior of the country, in order 
to expedite the development of the Southern Province, which is 
nearly the size of England, and nas a favourable climate, with 
good agricultural conditions. 

Recently, in the course of an address io the Tanganyika Legis 
lative Council, Sir Edward Twining the Governor, suggested tha: 
although the British Overseas Food Corporation’: revised plen 
involved much smaller development than had criginally been 
designed, it was still of sufficient size to be of importance to th 
territory. It had become clear some months ago that the crops 
from the Corporation’s reduced area of cultivation in the Southern 
Province would not justify the completion of the projected railway 
and the Port of Mtwara, but if these projects were to be abandoned 
the development of the province would be seriously retarded. It 
har, therefore, been decided that the construction of two deep 
water berths and the development of the port of Mtwara will be 
continued, and the Government will move their provincial head 
quarters there from Lindi. 

Obviously the costs of the new works, will for many vears to 
come, be beyond the resources of the East African Railways and 
Harbours Administration, who will be financially responsible, and 
it is therefore fitting that the Legislative Council and the Over- 
seas Food Corporation have agreed to give a joint guarantee to the 
Railways Administration against a net loss in the operation of 
Mtwara port and the railway, from Mtwara to Lumesule Juu, for 
the next ten years, at the end of which period the position will 
again be reviewed. 








Apt 


HIs 


riv 
on 
ma 


clo 


Fis 
DE 


lo 





THE Dock AND HARBOUR AUTHORITY 


Glasgow Harbour Improvements 





Plantation Quay Reconstruction Across Finnieston Ferry Recess 


By A. J. CARMICHAEL, B.Sc., 


AND DESCRIPTION. 

HEN the Finnieston Vehicular and Passenger Ferries 
were transferred to their present site in 1936, a gap was 
left in the Clyde riverside quay walls by the north and 
south ferry recesses. .The re on the north side of the 
river Was filled with a quay wall, completed in 1939, but the 
Second World War held up the reconstruction of the quay wall 
on the south side. It was not until late 1948 that a start was 
made with the reconstruction of Plantation Quay, designed to 
close the 170-ft. x 32-ft. recess and provide a continuous quay 
wall with additional berthage and quay storage facilities. (See 
Fig. 1.) 
DESIGN CONSIDERATIONS. 

The common method of open cofferdam construction could not 
be used on the site because of: 


HISTORY 


(1) The presence, at a relatively shallow depth, of the triple 
tunnels forming the Glasgow Harbour Tunnel. 
The existence of an old quay wall whose stability would 
have been imperilled by excavation in front, and to a lower 
level than its foundations. 

“Engineering Assistant, Clyde Nayigation Trust. Resident Engineer 

jor the work. 


A.M.LC.E.* 


3) The difficulty of driving piles through the tough boulde: 
clay containing about 50% by volume of boulders, varying 
in size from a few inches to 2-ft. in diameter, which formed 
the river bed underlying about 3-ft. of organic silt 
accumulated in the old ferry recess. 

Plantation Quay wall to the west had been successfully recon- 
structed on similar strata using caissons, and from the experience 
gained on this wall it was evident that the toughness of the clay 
was such that compressed air caissons were necessary. Therefor: 
it was decided to form the wall with two steel caissons immediate] 
above the harbour tunnels; the closing length at the end ot 
the recess, which was to be founded at a shallower depth in front 
of a more stable structure, to be an ordinary quay 
wall built inside a piled cofferdam. 


east 


mass concrete 


DESCRIPTION OF 

The caissons were of mild steel plate stiffened and reinforced by 
structural steel sections, the west caisson being 49-ft. 8-in, by 
25-ft., and the east 61-ft. 8-in. by 22-ft. inside working chambers 
The east caisson was reduced in width so that the landward stee! 
cutting edge would be 3-ft. 6-in. above the cast iron segments of 
the steeply rising passenger tunnel when the caisson was at found 
ing level. This reduction in width was also a reduction in the 
stability of the finished wall, and to bring the resultant pressure 
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on the base of the wall ‘‘ within the middle third '’ a reinforced 
concrete cantilever platform was incorporated in the back of the 
wall at string course level. 

The working chamber of each caisson was 7-ft. 6-in. from under- 
side of roof to the bottom of the 15-in. x 1-in. steel plate forming 
the cutting edge, This section was 10-ft. 6-in. high overall, and 
was strongly reinforced with cross and diagonal steelwork, and 
had two air shafts through the roof and four lifting lugs, the 
whole forming the permanent caisson which formed the foundation 
of the new quay wall. At the back of the west caisson only, two 
permanent panels were erected, and strutted and concreted in 
position as part of the permanent structure. 

To the top of each permanent caisson were bolted six lifts of 
steel panels or strakes round the perimeter, so as to form a water- 
tight box 33-ft. 3-in. High. Joints were made of canvas and red 
lead putty. This temporary portion of the caisson had to be 
strutted and tied internally to resist the varying pressures from 
the tidal river on the outside, and also the static pressure of the 





Fig. 2 (left). Air 
locks and hoists 





of west caisson, 


spoil being 
tipped into 
river. East 


caisson floating 
in foreground. 


Fig. 3 (to P 
right). West 


Caisson during 





low ering 


Fig. 4 (bottom 
West 
Caisson loat- 
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— showing 


timberirg. 





fresh concrete in the shuttering on the inside. These temporary 
strakes were removed by diver, only when the stepped substructure 
concrete was at such a level that, irrespective how sinking pro- 
gressed, the concrete level could be maintained above Average 
Low Water. 


DESCRIPTION OF AIR LOCK AND HOIST. 

The two air shafts of each caisson were extended to a height of 
40-ft, and terminated in air locks. Personnel used the side 
chamber of the lock where the rate of compression or decom- 
pression was under the control of those inside. Materials, in 
buckets, came through the roof section of the air lock where 
pressure changes were instantaneous, and controlled jointly by the 
hoistman on the roof platform and the locksman permanently 
employed inside the air lock. The buckets were circular, bottom- 
opening, and of 12? cu. ft. capacity. Hoisting was by means of 
a 7} h.p. electric winch attached to the roof platform of the air 
locks. The A.C. motor running at 960 r.p.m, was coupled with 
a 50:1 ratio worm gear which drove the 8}-in. diameter, 20-in. 
long barrel of the winch. Spring brakes with a magnetic release 
and a drum controller gave the hoistman “‘ finger tip ’’ control of 
the bucket, so that he could immediately respond to the signals 
of the men in the working chamber, or of the locksman. The wire 
rope used was of close woven steel and, leaving the winch barrel, 











passed through a series of pulleys on the counter-balanced top 
frame, through the airtight gland of the ‘‘ teapot-lid ’’ cover of 
the materials lock and secured on the underside to a shackle which 
held the skips. A complete cycle of raising, dumping, lowering 
and starting to raise again took, on an average, between 5 and 10 
minutes. Air locks and hoists are shown in Figure 2. 

ERECTION OF CAISSONS AND LAUNCHING. 

No convenient building berth was available, and towage ot a 
square-ended, low freeboard vessel in a narrow, busy waterway 
presented obvious hazards, so the following method of erection 
was adopted. First the west, then the east permanent caisson was 
assembled on a temporary timber building platform to the west of 
the recess, The landward side was supported on the existing quay 
wall and the river side by a dolphin of 18 No. 12-in. x 12-in. 
timber piles with horizontal and diagonal bracing. These piles 
were driven by a 3-ton single-acting hammer from a 24-ft. long 
piling frame, with extended leaders, supported over the quay wall 
by a 60-ft. long cantilevered steel frame. 

The sections of the permanent caisson were pre-fabricated and 
brought to the site by road, the heaviest section weighing 
10 tons 11 cwts. An electric travelling derrick crane of 10 tons 
working load placed the sections on the building platform, where 
they were rivetted together and the joints caulked and welded. 
When the 51} tons of steelwork of the west permanent caisson 
was completed and inspected, a calculated amount of 35 tons of 
concrete was poured above the cutting edge, between the outer 
and inner skin plates. This gave the caisson stability when water- 
borne, with a draught of 8-ft, 4-in. and a freeboard of 2-ft, 2-in. 

Timber trestles were erected to support four heavy plate web 
girders above the erection platform which, in turn, supported four 
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120-ton hydraulic jacks operated by manual pan pumps. The 
lowering links (9-in. x 1}-in. section), which passed through the 
body of the jacks, were attached to the lifting lugs of the caisson, 
and by means of manipulating the steel cotter pins in the slots 
every 18-ins. of the links, the caisson was raised, the building 
platform timbers hauled on to the quay wall, and the caisson 
lowered in 9-inch stages, one end at a time, to meet a rising tide. 
(See Fig. 3.) When floating, the caisson was freed from the 
lowering links and towed into position, ready for the erection of 
the temporary steel strakes; the river bed having previously been 
dredged to give a level bottom and inspected by diver to see that 
no obstructions were present. 

FIXING OF CAISSONS ON RIVER BOTTOM. 

To guide the caisson into its desired position, the timber fenders 
were fixed to the old quay wall and piles driven in the river to 
control its north-south movement; struts against the west wall of 
the recess and a floating fender at the east end controlled its 
longitudinal movement. 

As the erection of the temporary caisson progressed (Fig. 4), 
the caisson rose and fell with the tide, its stability being maintained 
by the placing of calculated quantities of concrete round the toe 
and over the roof. When the temporary strakes were at a suf- 
ficient height to be above all foreseeable high tides when the cut- 
ting edge had bitten into the river bed, then the caisson was 
accurately positioned, and full scale concreting started on a rising 
tide, the caisson then floating for the last time and, on the ebb, 
becoming firmly embedded in the river bottom. 

The air shafts were extended to their full height inside shuttered 
pits so that they could be removed on the completion of the con- 
creting. The internal shuttering for the front wall was fixed, and 
a pre-determined quantity of the subscructure concrete poured, 
suffiicent to give a downward pressure of 200 tons in excess of the 
uplift on the caisson whén the air locks were put on, and an initial 
air pressure of 15 Ibs. sq. in. was reached in the working chamber. 


COMPRESSED AIR SUPPLY. 
The compressed air for the working chamber was supplied by a 
single-stage, double-acting, steam compressor installed in duplicate, 


ea 


~ 

| 

Pky z 
Ht awosr. _ |r7® 
] 9 
3 




















Tremponany 
Caisson 
as 















































STAGE 2 STA s 


_—— 
Lin— 














HWS. | oe 














STAGE 7 STAGE 8 STAGE 9 


THE Dock AND HARBOUR AUTHORITY 


Glasgow Harbour Improvements—continued 





Fig. 5. Trimming of formation level inside working chamber. Sup- 
port blocks being built up to meet roof. 


and provided with adequate receivers, and so coupled up that, 
in the event of a failure or breakdown of one of the machines, 
the other could be brought into immediate use. An independent, 
mobile air compressor supplied air at 100 lbs./sq. in. for the 
pneumatic tools used in the excavations. A “‘ blow off ’’ pipe was 
connected to the main air supply pipe and then taken to an 
adjacent dredged hole in the river bed. The end of this pipe was 
kept adjusted so that its open end was 3—4-ft. lower than the 
cutting edge of the caisson. Thus, when the control valve was 
open, and the pipe ‘‘ blowing,’’ the pressure in the working 
chamber was kept sufficiently high to exclude the varying tide on 
the outside and never allowed to ‘“‘ build up’’ and give a 
dangerous upwards thrust on the roof. 

The maximum pressure reached in either of the two working 
chambers was 21 Ibs. /sq. in. The compressed air squad worked 
a 12-hour shift, and had their meals in the working chamber. 
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-Fig 6. Various stages of sinking of caissons 
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Compression was at the rate of 5 lbs. per minute, and for de- diver, who unscrewed them, or, in the case of difficult bolts, burned 
compression the pressure was reduced without restriction to them off with an under-water cutter, and so disconnected the tem- 
4 lbs. ‘sq. in. and then at $ lb./minute to atmospheric pressure. porary from the permanent caisson. 
Due to the proximity of the harbour tunnels, no blasting was 
EXCAVATION. 


When the compressed air was initially turned on, the water was 
blown down the air shafts and out of the working chamber, which 
was allowed to ‘‘blow’’ for 12 hours. After this ventilation, an 
inspection of the working chamber was made, and no harmful 
gases being detected by safety lamp, the electrical flameproof 
fittings for roof lights, pilot lights and signals were installed, and 
a start made on the excavation. As already mentioned, the 
accumulation of organic silt averaged 3-ft. in depth and, until this 
was removed by bucket through the air locks, the first of the 
excavators working round the foot of the air shafts were literally 
up to their waists in mud and slurry. 

The working chamber having been cleared of silt, the com- 
pressed air squad was increased, and removal of the tough boulder 
clay and boulders got under way using pneumatic spades to 
‘chisel out ’’ sizeable chunks, which were loaded by hand into 
the buckets. All excavated material was tipped from the air lock 
platform into shutes, which dumped the excavations into the 
River Clyde for removal at a future date by dredger. A check 
was kept on the “‘ flow ’’ of material thus deposited to ensure there 
was no encroachment on the navigable channel. 

Both caissons kept a good line and level throughout the sink- 
ing, and concreting proceeded smoothly inside the temporary 
caisson, Before the last 1-ft. 6-in. of the permanent caisson 
entered into the silt on the river bed, the substructure concrete had 
been completed to above low water level. Thus the 1}-in. diameter 
tapping bolts could now be removed, and were accessible to the 


permitted in either caisson, and when boulders that were too large 
for the buckets were encountered, they were broken up by plug 
and feather. The centre line of the high centre tunnel was clearly 
marked in white paint on the working chamber plates inside the 
caisson, and every care exercised in sinking so that the landward 
cutting edge was not allowed to sink closer than 3-ft. 6-in. to the 
crown. 

Control of the caisson during sinking (through 21-ft. from silt 
level to formation level in the case of the west caisson) was 
exercised by controlling the excavation. Levels were taken daily 
round the caisson, and any tendency to tilt to one side was 
counteracted by undercutting the cutting edge on the opposite 
side. When the caisson was an average of 3-ins. from formation 
level, concrete blocks which had been built up from the boulder 
clay to the underside of the roof of the working chamber, as sink- 
ing continued, took the whole load of the caisson and, under the 
load, settled to bring the cutting edge to true formation level. 
(Fig. 5.) These props, or stools, were so positioned as to be clear 
of the harbour tunnels underneath, and the 3-inch allowance for 
‘‘ take up ”’ in the blocks was found to bring the caissons to within 
an average of }-inch from their theoretically correct levels. With 
the caisson thus propped up, final trimming and levelling of the 
formation was completed, and the working chamber made ready 
to receive concrete. 

During the latter stages of the sinking, continuous probing by 
driving a steel rod into the boulder clay of the floor of the work- 
ing chamber was carried out. This safety measure ensured that 
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the cutting edges of the caisson did not, inadvertently, bite into 
any of the cast iron segments of the harbour tunnel lining or into 
any extrusions of grout that may have surrounded it. The caisson 
was finally founded at least 3-ft. 6-in. above the highest part of 
the tunnel. 

[he various stages, from erection of caisson on building platform 
to finished quay wall, are shown in outline on Fig. 6, and with 
some actual loadings tabulated on Fig. 7. 

CHAMBER. 


CONCRETING OF WORKING 


With the formation levelled and cleared of all loose pieces of 
boulder clay, a short length of jubilee track was set up on concrete 
blocks 2-ft. above formation level, so that a bottom seal of con- 
crete 2-ft. thick could be poured uniformly over the floor of the 
caisson, 


Two bogies were used on the jubilee track, and they 


(left). 


caisson 


Fig. 8 
East 
with __ precast 
concrete blocks 
in position, 


Fig. 9 (top 
right). Ordin- 
ary wall at east 
end of recess. 
String course 
blocks being 
laid. 


Fig. 10 (bottom 


right). Cross 
section of east 
caisson wall 


(over tunnels). 
The foundation 
level of west 
wall 
was at—41.27 
feet below Ord- 
nance Datum. 


caisson 





transported concrete, which had been tipped from bottom-opening 
buckets working through the air locks, to any part of the working 
chamber, The pressure in the working chamber was by now at 
its maximum of about 21 lbs./sq. in. The concrete, made in a 
10/7 mixer with dragline attachment, was a dry mix, and after the 
bottom seal was completed was placed round the sides of the 
working chamber, and at the centre, and banked up as steeply as 
possible to within 2 inches from the roof, so that the men placing 
the concrete gradually worked themselves towards the two air 
shafts. The final concreting beneath the air shafts was done by 
a bottom-opening skip, and as soon as this was placed, skips of 
grout were poured in to fill all voids, and to give a 6-inch head of 
grout up the air shafts. The pressure was then boosted and main- 
tained for four days, when the locks and shafts were removed, 
and the shaft pits cleaned out and concreted to top of sub- 
structure level. 


DIFFICULTY WITH EAST CAISSON. 

It may be mentioned here that while the sinking of the two 
caissons presented the same problems, the east caisson met under- 
water obstructions that were not encountered by its neighbour. 
After 270 tons of concrete had been placed in the east caisson, at 
low water it touched river bottom aud tilted 3-ft. 6-in. off the 
plumb towards the river. Concreting was stopped, and a diver 
reported the presence of old timber piles which, when surveyed 
from a diving bell, appeared to be so recessed into the old quay 
wall that extraction was impracticable, and lying at such an angle 
from the vertical that the ends of the piles would form an obstruc- 
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tion to the sinking of the south-east corner of the caisson. 

Thus it was possible that the caisson would sink, under load, 
until the obstruction or large boulders above and around it was 
encountered, Then, under normal sinking, concreting would con- 
tinue to increase the pressure on the cutting edge and, if this was 
insuffiicent to break through the obstruction, the problem of float- 
ing the caisson again so that alternative methods of removing the 
piles could be adopted, or building up its kentledge without dis- 
tortion and leakage, would present considerable engineering dif- 
ficulties. The Trustees’ engineer decided to ballast the caisson 
with pre-cast concrete blocks which, should the obstruction prove 
impassable, could be removed, and which, should the cutting edge 
pass safely, could be concreted in and form part of the permanent 
sub-structure, (Fig. 8.) The ends of the piles were encountered 
about 6-ft. above founding level, and resolute work from inside 
the chamber with pneumatic tools enabled the cutting edge to 
pass, and the caisson to be founded in its correct position. 

The reinforced concrete relieving platform, 61-ft. 8-in. 8-ft. 
x 3-ft. cantilevered out from the back of the east caisson presented 
no difficulty. The projecting portion of the steel rods, that had 
been bent to stand vertically inside the temporary caisson, and 
were concreted in the last lift of the sub-structure, were 
straightened to the horizontal, cleaned of river accuraulations, 
secondary reinforcement added, and the whole concretec to form 
the platform. 
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ACCURACY OF POSITIONING. 

Due to careful control during sinking, the final positions of the 
cutting edges were as follows:— 
West Caisson. 

Alignment:—West end correct, east end 1}-in. too near old 

wall. 

Level:—Transverse—}-in. off level, low next to old wall. 

Longitudinally—Correct, 
East Caisson. 

Alignment:—East end correct, west end ?-in, too near old 

wall. 

Level:—Transverse—3-in. off level, low next to river. 

Longitudinally—4-in. low at east end. 
SUPERSTRUCTURE. 

The above discrepancies in alignment were corrected by the 4-ft. 
long granolithic string course blocks, which were set at — 1.88 O.D. 
in a straight line across the old recess. (Fig. 9.) The face of the 
superstructure is battered at }-in. per foot and, above the string 
course blocks, consists of 6-in. of granolithic concrete poured 








Fig. 11. 


Superstructure of caissons concreted to underside of cope, 
ladder recess and mooring paals in position. 


simultaneously with the mass concrete of the wall. The bottom 
of the face shuttering was secured to bolts previously set in the 
concrete of the sub-structure, and the vertical timbers held in 
position by means of tensioned wire ropes and struts both fixed to 
the old quay wall, The back of the super-structure was stepped 
as shown in cross section in Fig. 10, and the concreting of the 
new wall was straightforward, the quay being finished with a 
granite cope lifted from the old wall of the recess. Provision was 
made for future shed roof and surface water drainage by means 
of three No. 6-in. diameter fireclay pipes and one 9-in. diameter 
cast iron pipe and flap valve, being built into the wall, and a 
6-in. diameter open-jointed rubble drain running on the lower 
steps behind the new wall. A 4-ft. diameter spun concrete pipe 
was provided to carry the existing storm water overflow pipe to 
the river, and hydrants and mooring paals completed the ancillary 
services. 

ORDINARY WALL AT EAST END. 

The space between the two caissons and the space between the 
west caisson and old cross wall of the recess was filled with con- 
crete by driving sheet piles back and front, grabbing out and 
concreting. The mass concrete wall at the east end of the job was 
similarly constructed. Permanent No. 3 Larssen piles were driven 
from a recess left in the east end of the east caisson to a special 
closure pile connecting with the timber sheet piles of the riverside 
quay wall. Temporary steel piles formed the back of the coffer- 


dam, and cross piles divided it into two equal sections. Grabbing 
by means of a 15/13 whole tine grab proved very difficult in the 
tough boulder clay, and a 40-ft. long pointed rolled steel joist 


was dropped from a height of 30-ft. over the area to loosen .he 


clay and enable the grab to pick up the loosened material. W en 
formation level was reached, the bottom was inspected by di «r, 
and concrete placed under water by means of a 1 cu. yd. botiom 
opening skip. The east pocket was completed before the exca\a- 
tion started in the second pocket. Steel tie-rods, incorporated in 
the concrete, held a steel waling below string course level, and 
thus secured the sheet piling to the mass concrete behind it. 1 ie 
string course blocks were set on steel plates welded to the tops of 
the front sheet piles, and, after the temporary back sheet pi'es 
were extracted, the superstructure was built up as before. (Fig 
11.) 


FILLING BEHIND NEW WALL. 

The space between the back of the new wall and the front of 
the old quay wall was filled with approved, imported rubble, and 
consolidated by 10-ton steam roller. When the new shed is built, 
on the area behind the new wall, the breast of the quay will be 
paved with whinstone setts on a 6-in. concrete slab. 
CONCLUSION. 

About 23 months were taken to complete the quay wall, { a 
cost of approximately £400 per lineal foot, The reconstruction 
gives space for a new shed 234-ft. long by 85-ft. average width, 
affording valuable accommodation within one mile from the centr 
of Glasgow, and when this is built, additional berthage will be 
provided for vessels requiring a draught of 24-ft. at low water. 

The contractor for the work was George Wimpey & Co., Ltd., 
who also supplied the photos in the text. 








Festival of Britain 1951 


Transport and Communications Exhibition 


Examples of Britain’s outstanding contribution to the develop- 
ment of world transport will be displayed in the ‘‘ Transport and 
Communications’’ Pavilion of the South Bank Exhibition from 
May 4th to September 30th next. An important section of the 
display will describe Britain’s part in the development of road, rail, 
air, and sea transport and communicatigns. 

In the Sea Transport section, visitors will be shown the story of 
ship building and marine engineering in Britain, the transport of 
passengers and freight, navigation, safety at sea and docks and 
harbours. 

In eight large showcases a series of sections, photographs, prints 
and diagrams will treat the subject historically, laying emphasis 
on improved methods of freight handling and stowage, and on the 
development of passenger amenities. 

The Navigation display will be arranged to convey the 
atmosphere of a ship’s bridge. In the chart room, typical equip- 
ment will be on view and full size exhibits will comprise all the 
usual equipment, together with a gyro pilot. The radio section 
will take in two sets of equipment, one suitable for a medium-sized 
liner, the other for a coastal vessel. The ship’s radar display unit 
will also be shown, the picture on the screen changing every few 
seconds to describe a ship’s journey from London to Antwerp. 

Coloured diagrams and an illuminated model will show the 
working of International Regulations for the Prevention of 
Collisions at Sea. The story of the lighthouse, in which British 
inventors are pre-eminent, will be told in a screen display, and an 
up-to-date lighthouse lamp, a model of a lightship, and a new type 
of fog-horn will also be shown. The history and activities of 
Trinity House, the oldest corporation whose activities are devoted 
to the care of lighthouses, navigational aids and pilotage, will be 
given, besides a number of exhibits in a lifeboat display. 

The centrepiece of the Docks and Harbours section will be a 
scale model of Southampton Docks, measuring 27-ft. in length and 
containing the main installations. It will be augmented by 
display showing movement in the docks. By contrast, a smaller 
harbour, Lowestoft, will be shown in process of growth. Modern 
dock equipment will be illustrated photographically with the help 
of a large-scale model of a heavy lift crane. 
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HEN dealing with the Elements of Nature on a grand 
scale such as falls to the lot of a maritime engineer, 
problems arise that are difficult to solve. Indeed, for 
the engineer, they may be incapable of solution excep- 

ting by the expensive way of tentative construction chancing 

failure, or optimistically attempting to insure against failure by 
adopting some doubtful quantity which was, and is, called 

‘factor of safety.’’ We use the term here in a general sense and 

not necessarily of purely numerical extent; it may take the form 

of a logical conclusion from some particular experience. This 
meant making a structure several times as strong, or extensive as 
the need to provide the resistance to the forces it was supposed 
to contain. Even this provision did not ensure security, for fre- 
quently forces manifested themselves which were not foreseen. 
Hydraulic forces in Nature are most rebellious to a disciplined 
control and none more so than those of the sea coast, where the 
geophysical setting is so varied and complex. For this reason it 
is nigh impossible to compute with satisfactory exactitude the 
probable effects, and reactions, of any major interference with the 
existing natural regime. In this connection it is worth recalling 
that Galileo (1540) said ‘‘. . . the movements of heavenly bodies 
despite their great distances from the earth 


Model Studies ; of . Apra Harbour 


Carried out by California Institute of Technology 
in Collaboration with United States Navy Bureau of Yards 


ROBERT T. KNAPP, Director. 
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On the south it is bounded by the high ground of the Orote penin 
sula and on the north by Cabras Island, Luminao Reef, and Calalan 
Bank. It will be seen in Fig. 1 that these features are each about 
14 miles long. The reef is just covered by the sea but the bank 
is covered by 16-ft. to 40-ft. of water. The depth of water in the 
entrance is about 160-ft. and in the outer harbour the depth varies 
from 120-ft. to 150-ft. with, here and there, depths of 180-ft. Out- 
side of the harbour the bottom drops away very rapidly with 
slopes of 30 to 45 degrees with the horizontal for several thousand 
feet. Not far from the shore the depth is 30,000-ft. 

Briefly the history of this harbour, relevant to the subject, began 
in 1941 when the United States Navy commenced the construction 
of a breakwater (Fig. 1). In December of the same year the work 
was halted by the capture of the island by the Japs. When the 
island was again retaken in 1944 work was immediately re- 
commenced. 

Early in 1945 the Bureau of Yards and Docks, U.S.N., requested 
the Hydrodynamics Laboratories of the California Institute of 
Technology tc undertake research to obtain information to guide 
the design of the uncompleted portion of the breakwater. At that 
time the breakwater extended from the western tip of Cabras 



























have presented fewer difficulties to ie 
than the movements of water which is within 
my reach,’’ 





700 
PURPOSE OF THE STUDY. 00 — 
The succession of past failures in spite of 52¢ 
rigorous mathen.atical analysis, and careful 
regard of constructional detail disposed 
to take care of all contingencies experience 
could dictate, has forced the technician to 
take other measures to compute, and 
assess, the disposition of the probable fac- 
tors which would be likely to achieve a suc- 
cessful end. Briefly, these measures resolve ae 
themselves into trial by experiment on “gs 
miniature works fashioned precisely as the 
full scale project, in other words, a reduced 
scale model simulating in detail, even to 
the elements, the project in Nature. Such 
a problem presented itself to the Bureau 
of Yards and Docks of the United States : sae 
Navy regarding the final stages of construc- ” 30 
tion of the harbour of Apra, Guam. 
through the instrumentality of Admirals J. 
J. Manning and William H. Smith, the 470 
Hydraulics Laboratories of the California 32¢ 
Institute of Technology was commissioned 
to carry out research by way of reduced | 
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models. 

This responsibility was placed in the 
able hands of Dr. Robert T. Knapp, the 
Director, and his team of assistants, who had already several out- 
standing original research studies to their credit. 

After many months of patient investigation, and exhaustive 
trials, a most complete: study of water movement about and in 
the harbour was achieved. The voluminous report of the methods 
employed, the results of tests, and the conclusions to be drawn 
from the subsequent analysis, are condensed in the following 
review. 

Apra Harbour is on the western side of the Island of Guam, the 
largest of the Marianas Group in the Pacific (lat. 13° 30’ N. long. 
114° 45° E.). The harbour is about four miles long in the west 
to east direction, and 1} miles wide in the north and south direction. 












fig 
Fig. 






Island and over the greater part of the Luminao Reef. The pro- 
gramme proposed was: 

(1) To determine the hydraulic design of the outer breakwater 
and harbour entrance which would provide maximum pro- 
tection. 

The further protective measures that may be required to the 
inner harbour basins to obtain the most favourable condition 











(3) The circulation of the water within the harbour, and the inter- 
change of the harbour water with sea water to avoid 





stagnancy, or pollution, and remedial measures to be investi- 
gated. 
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Model Studies of Apra Harbour—continued 


THE CONSTRUCTION OF THE MODELS. 





Ss BY PASS LINE 


en > Tew we A large amount of field data was a 
tS ®G able wnich made the construction of the 
models reliable reproductions of the ac:ual 
site to the agreed scales. A propos mudel 
scales, Dr. Knapp makes a wise observa- 
i as tion: ‘‘ When a model study has more than 
a 9 aaa , euTTER sb one objective an analysis of the problems 
y (OF REINFORCED CONCRETE) 5 i hae involved usually shows that the minimum 
y f 7 Me? acceptable size of model varies from _prob- 
ee lem to problem. The common solution is 
“ to construct the model to the minimum size 
needed for the problem requiring the largest 
scale. Thus it is larger than absolutely 


poe s I—~F 
sn" Sa 4 necessary for the study of the remaining 
q gt iF problems ....’’ Consideration of all the 
aie ae i 4 factors involved made it clear to the Lab- 
= i Ly <1 oratories that two models would be required; 

a a a small scale would do for the breakwater 
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but a much larger scale would be required 
Fig. 2. Pasadena Experimental Tank for small scale model. for the investigation of the inner harbour. 





THE SMALL SCALE MODEL. 
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—- Fo _ of the breakwater problem; besides, all the 
+ he EEL id equipment essential to this study was im- 
oo mediately available. Therefore prepara- 
| Corr. Gloss tions for the small scale model of Apra Har- 

aa bour, essential to determine the alignment 
of the breakwater, were put in hand at once, 
whilst other facilities were sought for the 
large scale model. The Hydrodynamics 
Laboratories’ preference was for undistorted 
models, but it was in this case considered to 
be of advantage to use a horizontal scale of 
1/960 and a vertical scale of 1/480, that is, 
a distortion factor of 2. The reasons influ- 
encing this dicision were that the 
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(a) deep sea waves retained their character- 
istics up to the instant of striking the 
reef and were therefore unaffected by 
the distortion; 
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the magnified vertical scale would in- 
crease the accuracy of the wave ampli- 
tude measurements; 

the effects of air currents on the in- 
creased vertical scale would not be so 
pronounced. 
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= (The Pasadena basin was also used for the 
ee =— undistorted 1/480 scale model of the en- 
y 12" Drain Pipe to ; P -ticable 
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; pies ; — : basin to carry cameras and observers. 
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Fig. 3. Azusa Experimental Tank for large scale model. 
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various levels were a few inches lower than the final grade so that 
the detailed and accurate topography could be later built up on 
the concrete crust. The transparencies were projected on this 
concrete surface at night and the contour lines so delineated were 
traced on the concrete. Then nails were driven in the concrete 
with the heads at the contour elevation to assist in trowelling to 
the finished tonographical surface. Expanded metal bent to shape 
was also used. Both methods were unsatisfactory and were aban- 
doned in favour of moulded blocks. For this purpose the model 
in plan was divided up into grids 4-ft. square and individual 
contoured blocks were made for each square. Two methods were 
tried; (a) casting in place on a base platform; (b) casting in mould 
boxes and then grouting in place. Further, a mixture of plaster 
of Paris, cement, and diatomacecus earth was first tried in the 
moulds but it was found that they had the drawback of shrinking 
and swelling and were easily broken. Eventually satisfactory 
results were obtained with concrete, which was not only more 
resistant to abrasion but was not subject to volume change. The 
castings in the moulds were made with stepped contours which 
after being placed in position were faired with cement mortar. 

For the undistorted model of 1/480 scale for the study of the 
entrance heads, it was found advantageous to use water proofed 
plywood faired in with cement mortar between the stepped con- 
tours. This had the advantage of portability which allowed the 
mode! to be oriented at different angles with the *wave machine 
front. 

THE LARGE SCALE MODEL. 

To accommodate the large scale model, a large unobstructed 
floor space was required, An Army base hanger of 148-ft. by 
162-ft. was acquired and erected at Azusa, 14 miles from Pasadena. 
A concrete floor with all the necessary facilities for the working 
of the model (Fig. 3) was laid and service accommodation in- 
stalled. It was decided td use an undistorted scale of 1/360 which 
required a floor space of 120-ft. square. To enclose the model area 
portable sheet metal wall units 2-ft. high and 6-ft. long were bolted 
together, secured to the floor, and made watertight by use of sheet 
rubber and rubber cement. 

From the experience gained at Pasadena it was possible to econo- 
mize time and materials in the construction of the large scale model. 
The contours were fixed at 15-ft. intervals and the plan was gridded 
to correspond with squares of 1,470-ft. sides which on the model 
scale represented 49-in. This was a great convenience as the ply- 
wood used to form the mould patterns was supplied in sheets of 
48-in. x 96-in. x }-in. thick. Thus a sheet cut into two equal squares 
just fitted the mould boxes and besides, the }-in. thickness just 
represented the 15-ft. contour step. The transparencies for the 
contours were gridded at 49-in. square, and as the mould was 48-in. 
square there was an overlap of }-in. all round, in other words, 
there was a gap of l-in. between all blocks. This gap permitted 
the grouting in place of the blocks to the adjusted levels. The 
contour lines drawn on the respective sheets were cut by a power 
operated coping saw which, by far, surpassed in efficiency and 
speed the band saw used on the small scale model at Pasadena. 
It will be gathered that each sheet of plywood was marked and 
cut to one contour trace only and then placed in the mould box. 
The next sheet cut and placed represented the next contour at 
15-ft. interval lower. When all the contoured cut plywood patterns 
were assembled in the box, the surface was oiled, a triangular 
block to serve as the core for a grout hole was placed in the centre 
of the mould and three screw bolts and collars placed (Fig. 4) 
near the edges of the block for the subsequent adjustment of level- 
ling in position. The setting time of the concrete was shortened by 
the addition of 14 to 2 per cent. solution of calcium chloride to 
the mixing water. A sub-base or platform was constructed to 
support the contoured, castings and all blocks after laying were 
levelled in place to the third decimal. 

The topography to 150-ft. below datum was entirely of this block 
construction, but below this level there was not the need for such 
accuracy and the sea bed was therefore built up in situ with brick 
walls and sand fill. The whole was faired up with concrete. Pro- 
vision was made for dredging tests, etc., in the harbour by per- 
manently fairing to improved levels and then, for the tests, 
providing removable blocks cast on kraft paper as a separator. 
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The mode] breakwaters were of concrete with }-in. brass rod 
reinforcement. The contours to depth of 550-ft. below M.L.L.W. 
were simulated to an accuracy equal to the field data. This depth 
was nearly equal to half the maximum wave length studied, and 
it was considered satisfactory to allow the laboratory floor to repre- 
sent this level as indicated in Fig. 4. 
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Method of construction of large model. 


To simulate the boundary condition of the prototype it was 
necessary to eliminate the effect of the basin walls to prevent re- 
flection back into the simulated water movement of the seas on 
the shore contours. These dampers were constructed of 20 gauge 
sheet metal plate 5-ft. long and 18-in. wide. They were mounted 
on a slender frame adjustable for height and also provided with 
adjustors for the slope of the top of the table. In the tests an 
inclination of 6 per cent. with the horizontal was the more usual, 
this represents a difference in level between the lowest edge and 
the highest of 32.2-ft. on the model scale. The elevation of table 
top was adjusted so that one half was above the level of still 
water. The top surface of the plates was painted with asphalt 
compound and when still wet sprinkled with 1/16th-in. diameter 
grit. Porous dampers were also used as indicated in Fig. 5. 
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Model Studies of Apra Harbour—continued 











Fig. 6 (lett). Pneumatic Wave Machine. Fig. 7 (right) (top). Wave 
lachine Valves, complete assembly ; (middle). Oscillating Valve 
ind ports; (bottom). Masonite Cam, Flywhee! ard Selsvn Motor 


The available authentic records of waves on the Apra shore- 
line were found to be sparse. Curiously enough that is a very 
common occurrence everywhere when precise data of natural 
phenomena is required. There are usually quantities ot hearsay 
particulars, mostly exaggerated, and to an extraordinary degree 
with reference to storm wave heights and strength of currents. 
Apra lay observers were no excepiion and since no definite data 
of actual phenomena was forthcoming it was decided to run the 
tests with wave lengths of 300-ft., 600-ft., and 1,200-ft. and wave 
heights of 10-ft. and 30-ft. These would then be representative of 
severe storms and typhoon conditions respectively. Regarding 
currents it was found by actual site measurement that reports were 
greatly exaggerated, the actual! currents being about 25 per cent. 
of the values reported. In this connection a very interesting 
point is that Robert T. Knapp and Robert E. Carr succeeded in 
developing a most teliable method of current measurement by 
radar up to distances of 15 miles. It was found practicable to track 
six or more floats simultaneously with great accuracy. The radar 
was of the anti-aircraft fire control type. It was also found sub- 
sequently, in the model tests, and verified in nature, that localized 
very high velocity currents were induced along the Luminao Reef 
by breaking waves. 

WAVE MACHINES. 

At the dnen air laboratory at Pasadena for use with the small 
scale mode. a plunger type of wave making machine was em- 
ployed. twas supported on a 40-ft. long steel truss spanning 
the full wicth of tne basin. The waves were produced by 
interchangeale plungers having a vertical stroke range of zero 
to 1.5-in. ‘he motor was equipped with Vari-drive and four- 
speed gears prff/viding stroke periods of 0.13 to 23 seconds. It was 
found that tfe plunger type was not suitable for long period 
surge waves gnd a pneumatic machine was used for this purpose. 

At the Azusa laboratory for the large scale model a pneumatic 
machine wa’ specially designed and constructed in units of 20-ft. 
lengths to gover an overall length of 100-ft. as shown in Fig. 6. 
The eqntighent had to be portable and capable of operating 
accurately, in any phase relation, and suitable for long and short 
period wave>. Each unit weighed about 1,000 lbs. and was made 


up of a3 18-in. diameter cylindrical chamber of 16 gauge sheet 
metal having an opening 7-in. high in the lower part over the 
whole yength; to this, a flared transition section was connected 
havin:,/an outlet to the basin 11-in. high (Fig. 6), and the bottom 
plate parallel to the tank floor. 
bolted to the top 


The wave producing mechanism 


was semi-cylindrical cover plate. This 


mechanism comprised a centrifugal blower and two oscilla 
cylindrical valves placed 6-in. above the water surface (Fig 
The two oscillating valves were approximately 80° apart « 
common oscillating shaft such that one side of the blower \ as 
connected to the atmosphere and the other to the air cham 
to avoid pressure throttling, or suction. To vary the amplit 

ot the oscillation the disk which was mounted eccentricaily \ 4s 
provided with several centres of rotation. The cam follower cn- 
sists of a small needle roller bearing mounted on the va 
actuating arm. The bearing was held in contact with th 

ring by a spring passing to the geometric centre of the cam p! 
to assure tension at all eccentricities. A circular cam was first us 
and found satisfactory. The wave amplitude was controlled 
variation of the biower speed, which was also controlled by 
variation of the speed of the variable frequency generator wh 
drove all the uniis. 

This alternator was equipped with separate exciter and \.4- 
driven by 220 volt 2 phase 2 speed motor through a V belt var 
able speed transmission. There was a usable range of alternat 
speed of 320 r.p.m. to 2,000 r.p.m. giving a frequency rang 
of 32 to 200 cycles per second. The wave period was 
trolled by varying the frequency of oscillation of the valves. 1 
synchronize all the units they were driven from a single moto 
by means of selsyns. By ihe introduction of a syncht 
differential generator between the main synchro generator and th: 
synchro motor of any unit which may be shifted parallel to 
other machines (see Fig. 5) it was possible to maintain the phas 
relationship of the wave system. The machine produced waves 
with periods of 0.25 to 45 seconds. 

FH HOTOGRAPHIC METHOD. 

One of the interesting features of the Apra studies was 
excellent use made of photography and the remarkable details 
which were thus recorded. That they were not true reproductions 
of the surface disturbance does not affect their great usefulness 
and reliabiliy, since the essential points could be readily recon 
structed from them. The method of photography used in the tests 
was undoubtedly that which most clearly brought into relief th 
slight dimensions of the model disturbances, but it also added 
elements of distortion due to reflection and refraction of th 
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incident light on the water surface. Thus neither the high angle 
oblique nor the vertical photographs showed the wave distur- 
bances as they existed on the water surface but showed them 
as projected on the under water surfaces of the model. This may 
be the better appreciated from consideration of the Figs. 8 and 9. 
The convex portion of the wave concentrated the incident light 
rays on the basin floor while the concave portion diffused the 
light; the result was the bright and dim parts of the pattern on 
the floor were recorded. As a consequence the patterns in general 
do not show the identical shape and position of the corrugated 
water surface due mainly to the fact that the under water surface 
was not necessarily parallel to the still water line nor the wave 
fronts and therefore the distortion varied with the accidented 
nature of the sea bed curface. 

In the photographs the bright white patches on the wavy sur- 
face are called the highlights whilst the more subdued lines are 
called shadows. The double lines which collectively make up 
a highlight are composed of the two parts as shown in Fig. 10. 
The separation becomes less as the distance of the wave from 
the camera decreases; thus the bright white lines are highlights on 
the water surface and the subdued lines are those reflected from 
the bottom. These lines appear double in deep water due to 
the distortion by the undulating water surface, but as the depth 
of water or the wave height decreases they merge into one line. 
Again where the alignment of shadows breaks sharply from the 
parallel to the surface highlights it indicates a change of slope 
of the bottom. The photographs present a fully usable record 
of the pattern of the configuration of the water surface inside the 
harbour. 

These brief characteristics of the photographs are best sum- 
marized in Fig. 11, where the vertical photograph shows the 
shadows, and the contour plan below follows the traces of the 
series of X’s marked on each, and represent the photographic 
location of the shadows cast on the model floor, by the points 
of the wave water surface designated by the black dots. The 
lighting used was about the same for all photographs of the large 
scale model but was varied occasionally for the small scale model. 
With the known positions of the lights and the necessary optical 








Fig. 10. Comparison of patterns formed by highlghts on the water 

surface (bright) with shadows cast on the model floor (dim). Imposed 

westerly waves are 30-ft. high, 600-ft. long. Upper photo—unprotected 
harbour. Lower photo—breakwater A. 
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Fig. 11. Comparsion of reconstructed pattern of the water surface 
with the pattern formed by the shadows cast on the bottom. Im 
posed westerly waves are 10-ft. high and 300-ft. long 


and topographical references as shown in Fig. 5, it was possible 

to reconstruct for the vertical photographs a close approximation 

to the actual water surface. R.R.M. 
(to be continued) 








PETROLEUM EXHIBITION. 

An exhibition including every aspect of the petroleum industry 
with emphasis on explcration and on oil field, refinery and trans- 
port developments in many parts of the world, will be presented 
this summer at University Centres in the United Kingdom. It is 
sponsored by the Shell Petroleum Company, Ltd., and the Anglo- 
Iranian Oil Company, Ltd. The exhibition will be open at the 
Imperial College of Science and Technology, University of Lon- 
don, from April 6 to 21, and will then tour the Universities of 
Glasgow. Leeds and Cambridge, showing for approximately two 
weeks at each centre. It will be at the Royal Technical College 
Glasgow. from May 4 to 19, at the University of Leeds from June 
20 to July 6 and at Cambridge University from July 16 to 28. 
MECHANISATION OF CARGO HANDLING. 

Questioned in Parliament recently about the results from the 
report of the working party on increased mechanisation in U.K. 
Ports, Mr. A. Barnes, Minister of Transport said that reports 
received from time to time, from dock and harbour authorities, 
showed that progress was being made in the mechanisation of 
cargo handling in the ports. The introduction of mechanical 
aids was related to the question of manning scales; this was an 
industrial matter which was under the continuous review by the 
local joint committees of the National Joint Council for the Port 
Transport Industry. The Minister expressed himself not entirely 
satisfied with the rate of progress which was unevenly distributed 
between the various ports. His purpose was to maintain con- 
tinuous pressure. 















Limitation of Loads for Dockers 





New Safety Convention to be Drafted by 
International Transport Workers’ Federation 


At a meeting of the Dockers’ Sectional Committee of the Inter- 
national Transport Workers’ Federation, held in London on the 
16th and 17th January 1951, there were four main items on the 
agenda, three of which affected dockers directly, viz.: the question 
of the limitation of loads to be carried by one man, the inter- 
national realization of a programme of demands on safety of dock 
work, and a study of the decasualization schemes in force in the 
different countries, while the fourth question was the role, falling 
to dockers’ unions in connection with the seafarers’ campaign 
against sub-standard ships flying the Panamanian and similar 
flags. 

LIMITATION OF LOADS. 

The demand of the I.T.F. on this question, that the weight of 
loads carried by one man should be limited to 75 kilogrammes 
(165 Ibs.), was laid down at dockers’ meetings held during 1946 
and 1947 and endorsed by the Oslo Congress of 1948. There is 
an active interest in this question in dockers’ circles, but so far 
little progress has been made with international realization of the 
demand, partly because it has so far been linked with the question 
of revising the 1932 International Docks Convention. Though 
the mechanization of dock work has to some extent mitigated the 
problem, dockcrs still have to lift and carry loads in excess of the 
limit mentioned. In the nature of things such a question cannot 
be solved nationally, and the meeting agreed that international 
action was imperative. In the light of past experience, it was 
decided that the question should henceforth be pressed as a separ- 
ate issue. The Secretariat of the I.T.F. was instructed to ask for 
a discussion on the question at the next meeting of the Inland 
Transport Committee of the I.L.O. and concurrently to raise it 
with the Co-ordinating Committee of the International Trade 
Secretariats, so that, in conjunction with other categories of workers 
interested, the I.L.O. could be requested to place the question on 
the agenda of an early session of the International Labour Con- 
ference with a view to the adoption of an international convention. 

In the course of the discusson on the Dockers’ Sectional Com- 
mittee, attention was drawn to certain other aspects of the question 
of limiting loads. In Sweden, for instance, dockers are required 
to handle bales of cotton, woodpulp, etc., weighing at times 200 
to 500 kilogrammes. These have to be rolled over and over and 
piled to a considerable height, and the men are exposed to the 
strain of moving such heavy articles and to the danger of bales 
slipping and causing injuries. At present the size and weight of 
bales are unilaterally fixed by manufacturers and traders, and it 
was felt that it was time the workers who have to handle them had 
a say in the matter. Information from India showed that in 
countries where mechanization has made little progress, men still 
have to carry loads over considerable distances. In view of this 
and of the poor physical standards of the workers concerned, it 
was submitted that the proposed limit of 165 lbs. was still too high 
in these cases. 

The meeting appreciated these points, but decided not to go 
into too many details. If practical results are to be achieved 
international legislation must be confined to basic principles and 
leave it to national legislatures to apply them, always provided 
that there are safeguards that the principles will be applied in 
the spirit in which they are adopted. 

The matter will be further reviewed at a full meeting of the 
Dockers’ Section, which is expected to take place before the end 
of the year. By then the Secretariat hopes to be able to report 
progress with the realization of the demand on the lines indicated. 


INTERNATIONAL PROGRAMME OF SAFETY DEMANDS. 

The meeting dealt once more with the programme of demands 
on the safety of dock work which was formulated at I.T.F. sloc- 
kers’ conferences in 1946 and 1947. Here too it had to be reported 
that little progress had been made with realizing the demands— 
again partly because the matter has been presented as a revision 
of the 1932 Docks Convention. It was decided that an attempt 
should now be made to treat it as a separate question and to seek 
the adoption of a supplementary convention. 
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In the discussion it was stressed that better results might | 
achieved if international instruments were confined to basic pri 
ciples, so that individual countries could devise the best ways an« 
means of implementing them. Experience showed that a poin 
of comparatively minor importance, pressed by the representative 
of one country and accepted in good faith by those of others, wa 
often a serious obstacle when it came to practical application. In. 
this connection it was felt that it might be expedient to divide th: 
dockers’ programme under discussion into questions which are o 
primary importance and likely to be more readily implemented 
and others which might take longer to realize. 

The Secretariat was accordingly instructed to draw up, with the 
assistance of expert opinion, a draft of a supplementary safety 
convention in the light of practical considerations. This draft 
was then to be submitted to dockers’ unions for their observations, 
preparatory to a final examination at the next full conference of 
the Dockers’ Section. 


THE 1932 DOCKS CONVENTION. 

A discussion took place on the reasons why a number of im- 
portant countries have still not ratified the 1932 Docks Convention, 
in spite of the fact that in the countries concerned dock safety 
regulations can be considered to be on a par with and even superior 
to convention standards. It appeared that in some cases the rea- 
sons had to be sought in the fact that certain provisions of the 
convention were impracticable. In countries like Holland and 
Belgium implementation would require the rebuilding of a very 
large number of inland craft, to comply with the stipulations con- 
cerning the fencing of hatchways, which was a practical impos- 
sibility. This once more illustrated the importance of confining 
international instruments to basic principles. The meeting never- 
theless decided to appeal once more to affiliated dockers’ unions 
to try to bring about ratification of the 1932 convention wherever 
possible. 

DOCKERS' DECASUALIZATION SCHEMES. 

After an exploratory discussion on the decasualization schemes 
which have been introduced in the port industries of different 
countries in recent years, the Secretariat was instructed to make 
a study of the experience gained in this field, with particular re- 
ference to the principles which were recommended by the Third 
Session of the Inland Transport Committee of the I.L.O. (Brussels, 
May 1949) on the subject of the regularization of dockers’ em- 
ployment, stabilization of dockers’ earnings and co-ordination 
and co-operation under the decasualization schemes of the different 
countries. : 

The matter will be further considered at the next conference of 
the Dockers’ Section in the light of the investigation to be made 
by the Secretariat. 








REHABILITATION OF HULL DOCKS. 

The British Transport Commission announce that they have 
accepted in principle, the advice of the Docks and Inland Water- 
ways Executive as to the need and importance of reconstructing 
the Riverside Quay which was destroyed during the war and the 
South Side, Albert Dock, which was badly damaged. In view, 
however, of the magnitude of the work and the expenditure in- 
volved, they have decided that Consulting Engineers should be 
appointed, and Sir Bruce White, Wolfe Barry and Partners, have 
been engaged to examine the plans already prepared and to make 
an early report upon them with detailed proposals. 


RECCNSTRUCTION OF THE PORT OF RANGOON. 

It was recently announced in Washington that the Economic 
Co-operation Administration has allocated $1,500,000 {about 
£535,000) towards the cost of rehabilitating the port of Rangoon. 
The money will be used to provide imported equipment, materials 
and supplies, and the Burmese Government will use local counter- 
part funds to pay for materials and labour from within the country. 
The reconstruction work is to be carried out in stages, for the 
first of which the E.C.A. has authorised expenditure on structural 
steel and building materials, ten 120-ft. steel pontoon jetties and 
a 1,500-ft. tank pontoon. Machinery and equipment will also be re- 
quired for the Port’s workshops. On account of the damage it 
suffered during the recent war, Rangoon can now handle only 
half its pre-war capacity of 5,000,000 tons a year. Normally the 
port handles about 80% of Burma’s seaborne commerce. 
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Flexible Bulkheads 





American Design off Aacienell Sheet Piling 


By GREGORY P. TSCHEBOTARIOFF. 


IL—OUTLINE OF TEST PROGRAMME WHICH LED TO THE DESIGN 
RECOMMENDATION PRESENTED BY THIS PAPER 


The performance of model tests to study arching of sand back- 
fills was originally suggested by Terzaghi in 1941 (Ref. 6). The 
Bureau of Yards & Docks, Department of the Navy, Washington, 
D.C., initiated in 1943 an extensive research programme which 
was carried out at Princeton University, Princeton, New Jersey, 
under the direction of the writer. The programme had for general 
objective the study of the performance of model flexible anchored 
bulkheads backfilled with different types of soils. 

A special testing installation was designed and built for the 
purpose at Princeton in 1943-1944. It is believed to be the most 
extensive of its kind in existence. 

The First Series of Tests performed in 1945-1946 was limited to 
the study at a 1:5 model scale of flexible bulkheads subjected 
only to active lateral earth pressures. The writer has reported the 
results of this first part of the programme in Ref, 8. 

These first tests demonstrated the effectiveness of a sand dyke 
interposed between the bulkhead and fluid clay backfill. The 
lateral pressures exerted against the bulkhead were no greater than 
if the entire backfill were composed of clean sand. Several] other 
important findings were made concerning the lateral pressures and 
the deformations of consolidating and of consolidated originally 
fluid clay backfills. (Ref, 8 and 17.) 

One of the most important findings of the First Series of Tests 
showed that there was no arching when the bulkhead was backfilled 
with sand. However, some evidence of arching was obtained in 
a test simulating conditions of a sunk wall with unyielding supports 
in front of which dredging is done. No clear differentiation 
between these two conditions had heretofore been made in pre- 
viously published theoretical investigations of the subject of 
arching in soils, for instance, by the Danish Rules (Ref. 3) and 
by Terzaghi (Ref. 7). 

The First Series of Tests, performed at Princeton, provided 
evidence that the restraining effect of the bottom of the 9-ft, deep, 
13-ft, wide and 18-ft. long testing tank had an appreciable influence 
on the results. (The effects of friction on the side walls of the 
tank had been eliminated by the use of three independently sup- 
ported bulkhead sections and by the performance of measurements 
on the central section only). It therefore became imperative to 
perform combined active and passive earth pressure tests. No 
tests of that kind had ever been made before with flexible anchored 
sheet pile bulkheads, largely because of the instrumentation 
difficulties involved. 

The Princeton project from the very beginning had used 
entirely novel techniques based on SR-4 electric resistivity strain 
gauges, which were employed mainly for the measurement of 
bending strains on the bulkhead and were deflection measurements 
by independent mechanical means. The accuracy of the measure- 
ments is demonstrated by check comparisons of deflections 
computed from the bending strain readings to the deflections 
measured directly. The average of all differences was only 5.8%. 

The Princeton project developed several new procedures which 
permitted the use of SR-4 strain gauges over long periods of time. 
As a result of one new technique, it became even possible to use 
these strain gauges in an entirely submerged condition below water 
level, This technique was adapted to the solution of the difficulties 
presented by combined active and passive earth pressure tests. 

A model bulkhead at a 1:10 model scale was then designed, 
built and calibrated in 1946-1947. (Ref, 8, 9, 16, 17.) One 





*A paper presented at the International Navigation Congress, 1949, in 
respect to Section 1, Communication 1. ‘‘ New Development in the 
Design and Construction of Locks.’’ Reproduced by permission. 
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hundred and five pairs of SR-4 electric resistivity strain gauges 
—reading strains to a millionth of an inch per inch—were mounted 
in three vertical rows on the central section of the model bulk- 
head and permitted rapid readings by remote control at 35 
elevations in each of the three rows. The Third Series, consisting 
of twenty combined active and passive earth pressure tests, was 
then performed under conditions of complete model similarity of 
bulkhead deflections and of interplay between active and passive 
earth pressures. 

The results of the first three combined active and passive earth 
pressure tests became available in time for presentation to the 
Second International Conference on Soil Mechanics and Found- 
ation Engineering at Rotterdam in June, 1948. (Ref. 10 and 11.) 
They confirmed in a general way the finding of the First Series 
of Tests (Ref. 8) and, in particular, revealed an absence of arching 
of sand backfill. 

These findings were contrary to previously held preconceived 
ideas on the matter (Ref, 3, 6 and 7)—originally shared by the 
writer—and as a result his conclusions were met with some 
scepticism. The three discussions (Ref. 12, 14 and 15) showed 
that such doubts as were expressed were mainly due to two causes. 
First of all, the authors thereof proved unfamiliar with the com- 
pletely new techniques of measurement and of subsequent analysis 
of the results which had been developed on the Princeton project 
and which were much more precise than anything heretofore 
possible. They did not appear to realise the numerous checks and 
controls which were now feasible and which had actually been 
introduced and used, so that there was no margin whatsoever for 
different interpretations. Second, some of the critics gave definite 
evidence of confusing certain basic concepts, especially by not 
discriminating between the different possible types of arching and 
their stability. The writer discussed this and in his reply (Ref. 13) 
announced arrangements to publish a paper which would give all 
televant bending strain instrument readings and subsequent com- 
putations of shears and lateral pressures for a typical test stage. 
This paper has now appeared (Ref. 16). In addition to the test 
stage described by Ref. 16, the writer’s Final Report (Ref. 17) 
includes corresponding data for two other test stages, which illus- 
trates the fact that the procedures employed accurately reflect the 
changes in pressure distribution against a bulkhead which occur 
as a result of changes in the condition of the backfill or of the soil 
beneath the dredge line. 


The present paper is based on a careful analysis of all data 
obtained since the start of the programme, including the additional 
seventeen combined active and passive earth pressure tests, the 
results of which became available since the first three were reported 
by Ref. 10 and 11 to the Rotterdam Conference. 


It should be emphasised that the comparison of the Princeton 
test results to values obtained from conventional procedures, which 
is reported by Ref. 17—as well as the design recommendations 
advanced by the present paper—are primarily based on the directly 
measured maximum bending moments and on the anchor pulls. 
The pressure distribution curves only serve to corroborate the data 
thus obtained and to provide evidence on several supplementary 
points. At most of the essential test stages the computed pressure 
curves were checked back against the measured bending strain 
curves at eight to nine points, and were adjusted whenever 
necessary to obtain agreement within 7% or better at all essential 
points. 

To substantiate the preceding statements and to prevent any 
misunderstandings of the type which occurred at Rotterdam, copies 
of Ref. 16 and 17 were filed with the Headquarters of the Congress 
at Lisbon to permit study by any interested members, 
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IL—SUMMARY OF PRINCETON TES? RESULTS WicH SAND BACKFILLS 


Fig. 1 illustrates the five main types of lateral earth pressure 
distribution against model flexible bulkheads, which were deter- 
mined during the twenty combined active and passive earth 
pressure tests performed at Princeton, Types (I), (II) and (III) 
were observed during tests where the sand was backfilled behind 
the bulkhead from the dredge line up to its final elevation. Types 
(IV) and (V) were observed during a test when the sand was 
originally placed on both sides of the bulkhead to its top elevation 
—that is, simulating the condition of a so-called sunk wall—and 
was then dredged down on one side in successive stages at which 
readings were taken. 

The findings of the First Series of Tests were thus confirmed. 
Differentiation is essential between conditions created by back- 
filling—as compared to dredging—and between bulkheads tied 
back by elastic anchors to dead men or to small pile clusters as 
compared to bulkheads unyieldingly supported by massive 
relieving platforms. 

Evidence of vertical arching was obtained at Princeton only 
during dredging, when the anchor support did not yield any further 
(Fig. I—V). Of all the theoretical pressure distribution curves so 
far advanced which assume arching (Ref. 3 and 6), only the one 
proposed by Ohde (Ref. 4) closely corresponded to the distribution 
determined at Princeton under the above conditions. This distri- 
bution appears to be caused by a simultaneous action of passive 
soil resistance above anchor level, and of arching both in the 
horizontal and in the vertical directions, However, even a slight 
simultaneous natural yield of the anchor strongly reduces the 
effect on the pressure re-distribution of both types of arching and 
of the passive pressures above anchor level. An absence of lateral 
displacement at the anchor level is conceivable on actual structures 
only when the sheet piling is connected to massive relieving plat- 
forms. Since the presence of numerous piles under a relieving 
platform has an unknown but definitely not negligible effect on the 
re-distribution of earth pressures against the sheet piling, therefore 
it is still an open question whether arching can occur under field 
conditions even in the case of a sunk wall. Model tests of bulk- 
heads connected to relieving platforms were not included in the 
Princeton programme. 


W) (I) (1) 
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IIL.—COMPARISON OF THE PRINCETON RESULTS WITH VAI s 
OBTAINED FROM CONVENTIONAL METHODS OF BULKHEAD Di -iGy 


Three bulkhead design methods may be termed “ con- 
ventional ’’: the ‘‘ free earth support’’ method (Fig, 2-A); the 
‘“‘fixed earth support’’ method (Fig. 2-B); and, perhaps, the 
procedure given by the Danish Rules (Ref. 3). 

The distribution of active lateral earth pressures behind flexible 
sheet piling suggested by the Danish Rules (Ref. 3) and by Ter- 
zaghi (Ref. 7) did not develop under any of the numerous test 
conditions investigated at Princeton and the writer considers that 
it cannot develop in the field under any conceivable circumstances, 
In this connection, it should be pointed out that the Danish Rules 
have not been based on any actual pressure distribution measure- 
ments of any kind, and according to Rimstad (Ref. 5—published 
by the Danish Society of Engineers) should be considered a “‘ rule 
of thumb ’”’ (‘‘ Faustregel’’). This circumstance has been some- 
times overlooked, (Ref. 6.) As stated by the Danish engineer, 
Brinch Hansen (Ref, 14), the circumstance that the Danish method 
has proved satisfactory in practice should be attributed in part to 
the considerably higher stresses that can safely be allowed in bulk- 
head structures as compared to the ones actually used in design. 
The writer is an agreement with this interpretation. The values 
of maximum bending moments actually measured during the 
Princeton tests under conditions of model similarity of deflections 
are at least 25% higher than design values obtained on the strength 
of the Danish Rules. Check analyses of three safely existing 
structures which were originally designed and built in accordance 
with the Danish Rules show that their stability can be explained 
on the basis of the Princeton findings, although the safety provided 
appear to be smaller than originally believed by the designers 
(Ref. 17). 

The Princeton tests have shown that of all existing bulkhead 
design methods, the ‘‘ fixed earth support ’’ method corresponded 
most closely to the observations made when backfilling was used. 
Effective restraint below dredge level—as evidenced by measured 
negative bending strains—was recorded even when the entire 
embedded length of the bulkhead had moved outwards from its 
original position. This is attributed to the sand progressively 
adjusting itself behind the bulkhead to each successive increment 
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FIVE MAIN LATERAL EARTH PRESSURE DISTRIBUTION TYPES DETERMINED DURING THE 
PRINCETON TESTS WITH MODEL FLEXIBLE BULKHEADS. 
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THREE METHODS FOR THE DESIGN OF ANCHORED FLEXIBLE BULKHEADS IN SAND 





(AS APPLIED TO THE ‘H", ‘h,” AND “a” 


if this outward movement. The passive pressures below the dredge 
line in front of the bulkhead reached values which, in some cases, 
were three to four times greater than the maximum values which 
ire theoretically possible if the effect of wall friction is neglected. 
This finding approximately corresponds to the results of Krey’s 
studies (Ref. 2) for the condition when the angles of internal 
friction and of wall friction are assumed to be equal and the bulk- 
head sinks somewhat into the soil, as this actually did occur, 
Previously there had been uncertainty whether such high values 
of wall friction could be allowed in designs, but our findings 
indicate that it is safe to do so under conditions paralleling those 
of our tests, 

Two additional factors were found to contribute to the observed 
decrease of bending moments as compared to conventional values. 
First, the resultant of the residual passive pressures were located 
much closer to the dredge line than was previously believed, which 
made the point of contraflexure coincide very closely with the 
dredge line; and second, a transfer of active lateral pressures from 
above the dredge line to the soil beneath the dredge line occurred 
under certain circumstances. An example of this is provided by 
Fig. 1-III. Strong vibration of the sand in front of the bulkhead 
lowered the point of contraflexure and the elevation of the resultant 
of residual passive pressures; nevertheless, no corresponding 
increase of bending moments was observed, because a considerable 
additional transfer of lateral pressures to the soil beneath the 
dredge line appeared to parallel the bulkhead displacements 
induced by the vibration. 

Severe vibration of the backfill behind the bulkhead did not 
change the pressure distribution shown by Fig. 1-I, but increased 
the intensity of lateral pressures, especially if loosely deposited 
sand had clay admixtures. 


IV.—BULKHEAD DESIGN PROCEDURE SUGGESTED WHEN CLEAN 
SANDS ARE USED 

Fig. 2-C illustrates the design procedure suggested by the writer 
on the basis of the Princeton tests. Essentially, it is a simplified 
version of Blum’s ‘‘ equivalent beam method ”’ (Ref. 1). 

A depth of embedment of D = 0.43H is suggested which is equal 
to the one required by the “‘ free earth support’’ method with a 
factor of safety—(F.S.)—of one (see Fig. 2-A), when the angle 


DIMENSIONS OF TEST NO 54 


of wall friction ‘‘ P ’’ is taken to equal zero. It is much smaller 
than the depth theoretically required tor the “‘ fixed earth sup 
port’? method under the same assumption (see Fig. 2-B). It can 
be shown (Ref. 17) that, according to earlier studies by Krey 
(Ref. 2) and Rimstad (Ref. 5), the fixed earth support method 
can be applied to the depth of embedment given by Fig. 2-C with 
a factor of safety of two, if the angle of wall friction is taken to 
equal the angle of internal friction of the sand. As explained 
by the preceding paragraph, our tests have shown that this is 
permissible. 

The point of contraflexure is taken to coincide with the dredge 
line and the slope of the active lateral earth pressure curve is 
determined from the equation: 


K (i—a/f'H) 0.38 f°’ (1) 


where ‘‘a’’ and ‘‘H”’ are the distances indicated on Fig. 2-C; 
f’’’ is a coefficient which expresses the effect of wall friction on 
active lateral pressures and can be taken to equal 0.90; f’ is a 
coefficient which may vary from 1.5 to 5.0, depending on the 
actual relationship between model and prototype in the zone of 
capillary saturation of sand above the water level. Until results 
of full-scale observations become available, it is recommended to 
take 3.5 as the value for this coefficient. 

Bending moments computed from Fig. 2-C and equation (1) 
equal approximately one half of the values obtained by the use 
of the ‘‘ free earth support’’ method as illustrated by Fig. 2-A. 
Nevertheless, it is believed possible to increase the design stresses 
in the sheet piling by some 33% as compared to customary values 
of 18,000 p. s. i—except in regions of severe earthquakes. 

The anchor pulls, on the other*hand, if computed from Fig. 2-C 
and equation (1) should be divided by: 


(l—a/f’H) f”’ (2) 
where f’’ is a coefficient equal to or smaller than unity. It can 
1 1 
be taken as equal to or —— whenever there is any doubt 





1.5 2.0 
about the reliability of the soil beneath the dredge line, since 
increased resistance of anchors can compensate an excessive yield 
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at dredge level. 
not be exceeded. 

The above procedure refers to clean sands above dredge line. 
Lack of space does not permit an outline of a similar procedure 
tor clay and sand-clay backfills. Recommendations on the matter 
are contained in Ref, 17 and will be dealt with further in Ref. i8. 

Speaking generally, the suggested design procedure takes into 
account the great variety of possible pressure distributions (see 
Fig. 1) depending on factors which it will not always be possible 
to foretell in advance of construction. It is therefore based on the 
distribution which appears likely to occur most frequently, and 
takes care by suitable overall coefficients of the effect on bending 
moments and on anchor pulls of the variations which are possible 
under certain conditions. Excessive refinements in computation 
assumptions do not appear justified by the facts recorded, 
Measurements on full-scale structures will be advisable to develop 
turther the suggested procedure, 

The design and other recommendations contained in this paper 
represent my personal opinions and do not necessarily reflect the 
official views of the Bureau of Yards and Docks or of Princeton 
University. 


In any case, unit stresses of 18,000 p. s. i, should 
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Port Radar 


A Review of Operations in Liverpool 


Three years ago, Port Radar was first established in the Port 
of Liverpool, and it may now be opportune, and of interest, to 
review the results of operation of this innovation, which has proved 
itself as having formed a valuable addition to the amenities ex- 
tended to shipping, by a Port Authority. 

It can now be definitely stated, that this installation has ful- 
filled all specifications, and exceeded all anticipations of utility, 
with regard to both the Port Authority, and Shipping. 

A description of this Radar installation, and the results expected 
to be derived therefrom, has already appeared in a previous issue 
of The Dock and Harbour Authority, but it may be timely, to 
briefly here recapitulate the principal features of same. 

The installation is situated at the mouth of the River Mersey, 
at the extreme seaward end of the Liverpool Docks, so as to com- 
mand an unrestricted view of the Bay, and all main, and subsidiary 
channels, to a maximum range of 20 miles. On the reverse side, 
it covers the greater part of the river, including all dock entrances. 
The scanner, which is 14-ft. in length, rotates on an 80-ft. circular 
concrete tower, and the display console, and general installation 
is housed in a building—the ‘‘ Station ’’—at the base of the tower. 

The console exhibits six different displays, of various scales, 
which are capable of either separate, or concurrent operation. 
Each display, in addition to range and bearing calibrating markers, 
is superimposed by a transparent gridded chart, for the purpose 
of more rapid observation of objects, and transmission of informa- 
tion. The discrimination is of a high order, viz. 120-ft. in range, 
and ‘‘ better than’’ 3° in bearing. The station is in communi- 
cation with all Port Authority craft, and pilots of vessels, etc., by 
means of VHF R/T sets, of a new and greatly improved form. 

The principal purpose of the installation in its inception was 
to provide valuable navigational information to shipping, upon 
request, whereby, pilots and others would receive assistance in 
navigating the channels and river under conditions of poor visi- 
bility, with avoidance of delays and consequent expenses incurred 
by shipowners. 

It was fully recognised, of course, that by no means “all” 
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vessels could enter the Port, under “‘all’’ conditions, through 
the agency of Port Radar, but it was confidently anticipated that 
many vessels would be able to do so, which would otherwise find 
it impossible. This Radar information was also applicable to vessels 
preparing to dock and undock from the river, under similar cir- 
cumstances. Port Radar was, in fact, intended to supply an “‘ aid ”’ 
to navigation, as additional to those others, as normally established 
by a Port Authority. 

It was stressed that all information supplied by the Radar 
station was purely “‘ informative,’’ and not, in any sense, to be 
interpreted as ‘‘ directional.’’ . 

Other Radar services to shipping included the means provided 
for vessels to calibrate their R/T direction finders on the Bar 
Light Vessel, calibration radio equipment, and to provide assis- 
tance in adjusting compasses. 

Another main purpose was to enable the Port official responsible 
for the buoyage, etc., of the Port to maintain continuous obser- 
vation and check on the correct positioning of all such seamarks, 
which under normal circumstances is dependant upon the services 
of tenders and suitable weather conditions. A considerable saving 
thereby was expected to be effected by the Port Authority. 

A number of subsidiary advantages were anticipated in the timely 
information afforded to Dock and Shipping officials, Health and 
Customs services, etc., relative to arrivals of vessels and avoidance 
of delays. 

It can now be stated that all these above purposes have been 
adequately fulfilled by this Radar Installation, which was de- 
signed and constructed by the Sperry Gyroscope Company to meet 
the special and extensive requirements of the Port of Liverpool. 
The following review of the principal operations of the Liverpool 
Port Radar as conducted over the last two years will illustrate its 
potentialities and the advantages afforded to shipping during that 
period. 

The Radar station, which operates a ‘‘ round the clock ’’ watch 
broadcasts a routine four-hourly ‘‘ disposition ’’ (of shipping in 
the channels and river) statement, in all weathers, and an addi- 
tional one each four and a half hours before High Water. No 
information is broadcast during a period of one hour each side of 
Low Water, except upon request. The broadcasts also include 
weather reports from the Authority’s various lighthouses, light- 
ships, etc. During fog, i.e. when visibility lessens to a range of 
two miles, the station operates continuously. 
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No major faults occurred in the Installation during these years, 
but a number of minor ones were experienced without, however, 
interfering with operation. The cathode ray tubes, in particular, 
far exceeded expectations in endurance and averaged from 800— 
1,000 hours working, and in one instance up to 4,500 hours. 
During the year 1948-49 the Radar station rendered services to 
172 vessels of over a million tonnage, of which number 51 vessels 
of a quarter million tonnage were actually ‘‘ assisted ’’ in navi- 
gation. In the year 1949-50 services were extended to 301 vessels 
of one and three-quarter million tonnage, of which 98 vessels of 
over a quarter million tonnage were “‘ assisted.’’ During the 
latter year the new VHF portable R/T sets were introduced, which 
excluded from the above total a large number of coasting vessels 
in which these sets were not installed. 

The maximum number of vessels ‘‘ 
the same time was five. 

Extraordinary services have been rendered to shipping, im 

numerous cases, of which the following are a few examples :— 
(a) A large vessel while navigating the channels, inward bound, 
was in R/T contact with the station and under observation 
therefrom. The actual orders of those in charge of the vessel 
were plainly audible to the station and-it became apparent 
to the latter that the vessel was steering an improper course, 
and into imminent danger. She was informed of this and the 
necessary rectification of course was made in time to avert an 
otherwise serious stranding. 
Another large vessel during dense fog stranded through acci- 
dent on one of the training walls adjacent to the channel. She 
was accurately located by Radar and the Port Authority’s 
salvage and other necessary craft were navigated out to her 
by the same means and placéd practically alongside her. Upon 
refloating later she was also assisted by Radar into a position 
of safety. : 

(c) On another occasion a Port Authority vessel was operating 
near the Bar Light Vessel off the seaward entrance to the main 
channels. A large vessel was observed by the Radar station 
to have ‘‘ missed ’’ the Bar Light Vessel and to be attempting 
to enter the Port on a course which would quickly result in 
stranding on the banks outside the channel. The Authority’s 
vessel was at once warned of the incident and instructed to 
contact the other vessei and inform her of her impending 
peril thereby averting a serious casualty. 

(d) During a heavy gale, a schooner when entering the Port, 
became unmanageable and stranded on a sandbank. The 
crew were rescued by the lifeboat and the vessel was aban- 
doned. She eventually refloated and drifted across the channels 
before finally stranding in a position where she ceased to 
become a danger to shipping. All her movements were kept 
under continuous Radar observation so that any necessary 
warnings to other shipping could be transmitted. 

(e) As a final example, a number of large vessels of unhandy 
form were desirous oi entering the Port during clear weather 
but with strong winds. Before doing so, however, it was 
essential for them to know that their passage up the channels 
would be unrestricted from other traffic. The necessary re- 
assuring information was available and they proceeded inward 
and caught the tide. 

The above will doubtless give some idea of the valuable ser- 
vices extended to shipping by an efficient Port Radar Service. 

It is estimated on a conservative basis that an approximate 
sum of £20,000 p.a. is saved to owners of vessels using the Port 
through avoidance of delays to their vessels. 

Port Radar also renders valuable services to the Port Authority. 
In a port which maintains an extensive buoyage system the correct 
maintenance in position of these buoys entails constant services 
of a tender, and which is only operational in favourable weather, 
with consequent heavy expense. Liverpool maintains over 100 
lighted buoys within the Port area, and the frequent “‘ fixing *’ of 
these occupies lengthy periods of operations by the tenders. These 
buoys, etc., are ‘‘ fixed’’ by the Port Radar as a four-hourly 
routine, and in the event of a buoy breaking adrift from its station 
its movements, until its final stranding position is reached, are con- 
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tinuously observed and any necessary warnings thereto are 
disseminated. 

A large number (out of an eventual total) oi these buoys have 
been fitted with radar reflectors of a cruciform type. A conical 
buoy so fitted gives a visual signal on the display at 11 miles range 
and comparabie in size to that of a small coasting vessel. Further 
fittings will include the pentagonal type of reflector to avoid dis- 
tortion on the display. The above reflectors have been tound to 
increase the range visibility of the buoys by approximately 100°%. 

Another Radar service to the Port Authority is that in connection 
with the dumping of silt, etc., from the Port. In Liverpool the 
hoppers carrying certain forms of this silt proceed out and down 
a subsidiary channel to a prescribed and restricted site which is 
marked by a buoy. Radar observation enables ‘‘ accurate ”’ 
dumping to be practised during thick weather conditions and the 
necessary information to be given to the hoppers to make this 
possible. 

An addition to the Radar station equipment to obtain increased 
VHF R/T range has included the erection of a steel lattice-work 
aerial situated immediately adjacent to the station. 

It may be mentioned that several letters of appreciation of 
Radar services rendered have been received from shipping officials, 
shipmasters and pilots. 

A large number of inspectional visits have taken place, including 
those from the Admiralty, Trinity House, British Port Authorities, 
and those of other nationalities, comprising American, Canadian, 
Dutch, French, German, Spanish and Italian, etc. 

Finally, as to the future of Port Radar as a regular institution 
in all first-class ports. It must be confessed that in spite of 
numerous inspections of this Installation, with universal expres- 
sions of appreciation and obvious realisation of this valuable 
adjunct to the ‘‘ navigational ’’’ aids, extended by a port, the 
Liverpool Installation still remains the initial and only one (of 
any size) in this country. This is doubtless due in isolated in- 
stances to the geographical locations and features of these ports 
which do not readily lend themselves to Radar services. 

In other cases doubts have been expressed as to the additional 
responsibility entailed to the Port Authority in the dissemination 
of radar information to shipping. By the same argument those 
Authorities might well decline the major responsibility of main- 
tenance of buoyage and lighting in their ports. : 

Other Authorities, again, may be deterred from its adoption by 
the apparent cost of the Installation. Here, however, it must be 
recognised that only the particular requirements as essential for 
each individual port need to be catered for in this respect in the 
initial design and specifications ot the Installation. 

In many cases a far smaller and less complicated installation 
than that at Liverpool would amply fulfil all requirements. The 
notion also still persists in some quarters that information given to 
vessels upon request 1s, or tends towards, the nature of ‘‘ direc- 
tional,’’ which, of course. is entirely erroneous and far from the 
contemplation of mind of both Port Authority and Shipping. In 
the adoption of Port Radar foreign countries are undoubtedly 
in the ascendant and several Radar programmes for Continental 
ports are in actual being, or under projection, which will eventually 
react to the detriment oi British competitors. American Port 
Authorities, in particular, appear to be keenly aware of the valu- 
able potentialities of Port Radar and many great and lesser in- 
stallations are in process of establishment. 

It is a hopeful sign for the progressive introduction of Port Radar, 
that the Ministry of Transport have recently established a ‘‘ small 
port ’’ type of Radar installation in a certain port for experimental 
purposes. This has been done with the idea of the port in question 
being allowed to exercise the option of retention as permanent port 
equipment at the conclusion of the experimental period. 

It is to be hoped, and may be expected, that as the advantages 
of Port Radar become more widely disseminated and recognised 
the general attitude as at present adopted by British Port Authori- 
ties towards it will undergo changes and result in more general 
adoption. 

The Liverpool Port Radar, during: its three years of operational 
experience, has definitely proved its value as a navigational ‘‘ aid "’ 
to shipping. 
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The Stowaway Problem 


Need for New Legislation 








3y PHILIP OAKES. 

In the records of maritime affairs, Section 237 ot the Merchant 
Shipping Act, 1884, was once an item that appeared infrequently. 
In the past twelve months it has been invoked 600 times and 600 
stowaways have been dealt with according to law. 

The Section is one under which stowaways are prosecuted on 
their arrival in Britain. The estimated number of 16,000 stow- 
aways at present in this country testifies that as a legal implement 
its edge may be insufficiently keen. 

The price of a stowaway’s ticket to Britain is 28 days jail, but 
the cost to shipowners is considerably greater. They must meet 
the legal obligations to feed stowaways on board ship and 
prosecute them on arrival in Britain, In cases where permission 
to land is refused, they must also transport stowaways back to their 
country of origin. 

Stowaways arrive at the ports of London, Liverpool, Cardiff and 
Glasgow all the year round on timber ships from West Africa, 
banana carriers from the West Indies, and boats from Malta. As 
Colonials they claim British citizenship and legal entry. Permission 
to land is refused only when documents of identification cannot be 
produced. 

Their reasons for coming follow a familiar pattern; unemploy- 
ment at home, bereavement and severance of family ties and, per- 
haps, stories that Britain is the proverbial land flowing with milk 
and honey. This latter assumption is supported to some degree by 
the fact that whether they find work or not they will receive 24s. 
a week National Assistance money, plus 7s. a week lodging 
allowance—not a substantial sum—but when matched against an 
income of nil, certainly an encouragement to make the trip. 

Generally it is the chartered vessel that suffers most from the 
attentions of stowaways. Ship’s masters unfamiliar with stowaway 
habits do not realise that a routine search of the vessel before 
casting off is quite insufficient to ensure that the ship is ‘‘ free.”’ 
A short list of regular hiding places includes ventilation shafts, 
holds and liteboats. Two enterprising stowaways selected the 
crows nest as their place of residence and defended it against all 
comers until the ship was well out to sea! 

Stowaways are not the incautious hopefuls of travel fiction. They 
rarely travel alone; three or four together comprise the average 
party, each equipped with documents of identity, usually sewn 
into their clothing, and each well versed in the rights of non-paying 
passengers. 

Their methods of boarding the vessel vary from port to port, 
At Kingston, Jamaica, they join porters carrying bananas to the 
holds, and then remain below decks with the stems. The same 
technique has been applied at West African ports when cargoes of 
ground nuts come aboard; and at Malta, the customary method 
of boarding has been to mingle with deck passengers until the 
ship is under way. Turning back to port means loss of valuable 
time to the master of the ship, and knowing this, the period of 
the stowaway’s concealment is nicely judged until a return is 
deemed too expensive. 

There are no reliable Government records of stowaways at 
present in the country, and the figures quoted have been computed 
from personal reports and records of leading shipping firms. 
Questioned on this point, a Colonial Office spokesman remarked: 
““Stowaways are a bit of a headache. We know they can keep on 
coming as often as they like, but we can’t do a thing about it.” 
He sounded rather bewildered, and he had good cause, for the 
aspects of the stowaway problem are many. 

Accommodation for 600 new arrivals each year is a prime point, 
for in London alone, hostel accommodation is surfeited by 400 
Colonial students. Employment, for those that want to work, is 
another question. Over half of the stowaways that arrive in this 
country are illiterate and untrained for any sort of job. The 
Colonial Office exercises no special control over them and on their 
release from prison they are. told which department to approach 
for rations, medical attention and relief, and the matter is then 
substantially at an end. 

Stepney Borough Council has shown a new approach to the 
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problem by founding a “‘ rehabilitation centre ’’ to educate st 
aways into British citizenship, and it is hoped that the idea \ 
spread, but the results of the experiment have yet to be seen. 

In an interview, Mr. Malcolm Joseph Mitchell, general secret: 
of the League of Coloured Peoples, proposed another remedy. ! 
was in favour of tightening the regulations governing the entry 
the stowaways into Britain and suggested that stowaways w 
failed to show credentials of good record and high character shot 
be repatriated, 

The Government of the United States of America deals with t 
problem by inflicting a fine of 500 dollars on ships bringin 
Asiatics into the country, but it is not suggested that a simil 
measure should be introduced here, 

What is needed is a thorough Ministerial investigation into th: 
entire matter, and it may be found that the questions raised can 
not be answered jn this country alone. Meanwhile the stowaway- 
continue to arrive, and Section 237 serves its purpose until new 
legislation provides a new weapon to combat the informal invasion 








Tyne Improvement Commission 


The annual accounts for the year ended March 1951 show that 
the gross receipts of £1,400,000 again create a record, being about 
£10,000 more than the previous year. The expenditure is about 
£4,000 less. The surplus for the year was £21,373, after making 
provision for debt redemption of £92,617 in accordance with the 
1950 Act. Because of the revision of the debt redemption obliga- 
tion, and the satisfactory year of trading, the Commissioners have 
been able to repay loans not only to the extent of the obligatory 
amount for the year of. £92,617, but also the amount that was in 
arrears at the commencement of the year, namely £85,039. 

The Loan Debt at the end of the year of £2,603,788 is the lowest 
since 1873. For the next three or four years, however, there will 
be increases owing to the building of the new quay at Tyne Dock, 
and probable further expenditure for the provision of a new staith 
to take the place of the existing facilities in Northumberland Dock, 
which are nearing the end of their useful life. 

The quantity of spoil dredged in the river is about 150,000 tons 
less than the previous year, and the cost of dredging shows an 
increase due to less private dredging and also to the fact that greater 
quantities were dredged at the harbour mouth and also above 
bridges, where the costs are higher. The River Police costs have 
increased following the recent reorganisation of the policing 


_arrangements of the river and docks; this 4s partly offset by reduc- 


tions in docks watching. The Ferries Account shows a surplus of 
£1,214, which can be attributed to lower maintenance costs. 

Although last year showed a satisfactory overall increase of trade 
over the previous year of 640,000 tons, this was considerably less 
than appeared probable up to the end of July. For the first seven 
months of last year, coal showed an increase over the comparable 
period of 1949 of 971,000 tons, At the end of the year this increase 
was reduced to 659,000 tons, Similarly, exports and imports of 
general merchandise up to the end of July showed an increase of 
59,000 tons, Whilst the increase in exports of general merchandise 
for the year was maintained at 43,000 tons, imports were reduced 
by 70,000 tons for the whole year. Imports and exports of general 
merchandise are greater than they were in 1938 and show that the 
general trade of the district is in a healthy condition. 

Owing to the outbreak of aggression in Korea with all its reper- 
cussions, and also the large-scale re-armament programme, the 
position has deteriorated, and the future outlook is likely to be 
affected in three ways: 

(1) The diversion of coal from foreign shipment to internal 
use ; (2) The diversion of tonnage which has affected imports 
particularly of ore ; (3) A further turn in the spiral of inflation 
resulting in increases of wages and salaries which are considerable 
and also increased cost of materials. 

These trends have already resulted in a reduced turnover for 
the present year. 

With regard to shipbuilding, during the year under review there 
were 22 steam or motor vessels launched on the Tyne, their gross 
tonnage being 207,000 tons, a little less than in the previous year. 
The number of orders for new vessels now in hand should ensure 
full employment in the shipbuilding yards during the next two 
vears. 
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An Article for Students and Junior Engineers 
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GENERAL 


barges and tug boats, forms a large item in port expendi- 

ture, running into hundreds of thousands of pounds 

annually in some large ports. This cost tends to become 
greater as the years go by and is mainly due to the increase in 
draught of oil tank steamers, cargo vessels and liners; so that the 
Port Engineer, before ordering a suitable dredger for the Harbour 
Authority, must bear this in mind to ensure that the bucket ladder, 
or the suction pipe of the dredger, will be sufficiently long to reach 
the proposed dredging required at L.W.O.S.T. or that which may 
be necessary in the future, plus in each case, of course, the usual] 
1 foot tolerance. The rise of the tides at the particular port 
must also be taken into account, so that the dredger may be able 
to continue work at all states of the tide. 

The types of dredgers employed in maintaining and deepening 
the navigation channels in estuaries, harbours, rivers and canals, 
will depend chiefly on the nature of the materials to be removed, 
and the distance of the depositing ground for the spoil removed 
from the dredging area; for instance, if that is some distance at 
sea, and it may be so much as 10 miles or more, then a dredger 
without hoppers may be the most suitable to employ. In this 
case the dredged material will be shot: into relays of hopper barges 
with hinged bottom doors, which, if not self-propelled, are con- 
veyed by tug boats to the depositing area. On the other hand, 
if this is at no great distance, a sea going dredger with self dis- 
charging hoppers may be more suitable. The chief objection to 
this type of dredger is that considerable dredging time is lost in 
casting off from the moorings, going to, and returning from the 
dredging site, and picking up the moorings again. 

As dredgers are more or less fine weather craft, the dredging of 
estuaries and the entrances to harbours is liable to be considerably 
interrupted during stormy weather. In narrow channels of 
estuaries or rivers where the barges alongside a non-hopper dredger 
or stationary one, with or without propelling machinery, occupy 
too much space, or where their presence in foggy weather may 
be a danger to navigation, then sea going, self discharging hopper 
and self propelled dredgers will be the most suitable to use. 

The varieties of dredgers of each type employed are numerous, 
consequently it is only possible to give a general description of 
the chief forms: these include Ladder and Buckets, Suction, 
Cutter and Suction, Grab, Dipper Bucket, Drag Line Bucket, 
Spoon—Bag, and some other subsidiary forms which will be 
referred to briefly. 


D REDGING, and the cost and upkeep of dredgers, hopper’ 


DREDGERS 
LADDER AND BUCKET DREDGERS. 

There are two forms of this type of dredger used in harbour 
work, viz.: (1) Sea going and (2) Stationary. Sea going dredgers 
have propulsion engines, either steam reciprocating, steam turbine, 
turbo-electric, Diesel oil, Diesel oil and electric dynamos, with 
twin screws when the ladder is at the stern as in sea going 
dredgers, and single or twin ones in the cases of bow ladders. 

Some stationary dredgers have propulsion engines to move them 
to dredging areas, but are not built to be sea going; most sea 
going ones have self discharging hoppers, and the stationary ones 
are without them, and discharge into hopper barges or to shore 
conveyors and pipe lines. Dredgers without propulsion engines 
require to be moved from place to place by tugs. 

In some dredgers the ladder and buckets pass through a long 
central narrow gap, or well, for about %rds the length of the 
vessel towards the stern, but in most, it passes through the bow 
of the vessel, cutting the hull in two. In the earlier forms it 


did not extend through the bow, which was complete, so that 
the ladder could not be raised clear of the water line, as in 





modern dredgers. This was a disadvantage from a steering point 
of view, and a'so for inspection of the lower tumbler, repairs and 
docking purposes, so the hull is now divided by a continuation 
of the well, and the sections are held together by a strong steel 
frame, shaped like an inverted ‘‘ U ’’ above the deck level, which 
also carries the winch for operating the lower end of the ladder, 
The winch is generally worked by a large spur wheel driven by 
a pinion and gearing on vertical shafting at one side of the fram_ng, 
the shaft being connected by gearing to an electric motor below 
the deck. 

The ladder consists of two steel beams a few feet apart, the 
upper ends pivoting on a steel shaft or trunnions at the top of a 
heavy steel frame, the lower end being suspended by steel ropes 
in connection with the winch on the bow frame. The numerous 
buckets are carried on an endless chain, formed by links between 
each bucket base that travels on rollers between the top flanges 
of the girders; the chain passes round an hexagonal sided cast 
steel tumbler at the lower end of the ladder, and round a similar 
top tumbler on a shaft near the top of the steel frame, just above 
the shaft or trunnions at the top of the ladder. 

The top tumbler is operated either by one or two large spur 
wheels, driven by pinions and shafting in connection with the 
engines or an electric motor; in some cases a large pulley on the 
tumbler shaft is used in lieu of a spur wheel, with flat steel or 
leather belting to a smaller pulley in connection with an electric 
motor, while in others the large pulley has a pinion on its shaft, 
which engages with the spur wheel. The lower tumbler is keyed 
to a shaft between the girders, the bearings of this shaft become 
worn, sometimes within a few months, when dredging in sand, 
and in some dredgers a patent compressor and oiler to force the 
sand away and also lubricate the bearings is used, but there are 
other devices in use for this purpose, 

The slope of the ladder can usually be varied from 1 to 1, to 
4 to 1, and the sea going speed is usually about 10 miles per hour. 

The machinery and boilers are placed near the stern in dredgers 
with bow wells, and near the bow in stern well dredgers. Some 
dredgers have ladders and buckets on each side, and each has a 
shoot to discharge into hopper barges; such dredgers are capable 
of dredging close to dock walls. 

Dredgers can discharge into side shoots on either side to barges, 
or into a central shoot in the case of a hopper dredger. The angle 
of the shoots for soft mud is 1 in 10, for soft clay 1 in 12 to 1 in 
14, for hard clay 1 in 14 to 1 in 16, and for fine sand 1 in 20 to 
1 in 25. 

For dredging mud, sand and gravel, the steel lips of the buckets 
are plain, but for stiff clay, hard gravel and loose rocks, the lips 
are fitted with half-tines, or short steel teeth bolted on. Some 
dredgers with large buckets are capable of dredging almost any 
material, including large boulders and broken rocks up to 3 tons 
and more in weight, with the exception of beds of rock, which 
must first be broken up by a rock breaker. 

The buckets, having cast steel bases with connections for the 
chain links, steel bodies and cutting edges, they vary in capacity 
according to the size of the dredger from 13 to 21, and up to 
54 cub. ft., but 35 cub, ft. is more usual. 

The maximum depth to which some large ladder and bucket 
dredgers are capable of working is 50 to 60-ft.; such depths may 
be required for the berth of a floating dock. 

There are dredgers of this type having also suction pipes over 
the side, which are 21 inches and more in diameter, with centri- 
fugal pumps for dredging mud and sand. 

The amount of material dredged per hour depends, of course, 
upon the size and capacity of the dredger and the character of 
the material, but some powerful ones are capable of dredging 1,000 
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Types of Modern Dredging Plant—continued 


fugal pumps, and in others it is allowed to overflow ©, ¢ 








Twin-Screw Stern-Well Bucket Hopper Dredger Cowpen built by Messrs. Ferguson 


Bros. Ltd. 


to 1,200 and 1,500 tons, and even 2,000 to 2,500 tons per hour. 
Medium sized dredgers can remove 500 tons of clay per hour. 
The hopper capacities of dredgers varies from 100 to 800 and even 
2,000 tons. 

Dredgers are anchored while dredging by two bow and two stern 
cables and anchors, in connection with power winches at each 
end of the vessel, it is preferable to have a separate winch for 
each cable; in bow ladder dredging, the bow cables are hauled in 
and the stern ones slackened; this results in a trench being cut, 
the cables on the port side of the vessel, and those on the star- 
board side, are either hauled in or slackened, as the case may be, 
so that side cuts of the trench are made. 

In some dredgers, to prevent undue strain on the pinions, spur 
wheels and machinery driving the linked chain and buckets, when 
hard material is encountered, the spur wheel of the top tumbler 
shaft has a separate rim for the teeth, this fits on the tyre of the 
wheel, the tooth rim has several shoe blocks between it and the 
tyre which come into action in the ordinary course of dredging, 
causing the spur wheel and tumbler to revolve. If some hard 
material is encountered, the friction is increased, the shoe blocks 
slip and allow the toothed rim to revolve, without turning the 
tumbler. 

In other dredgers the strain on the machinery for driving the 
buckets is reduced by the use of pulleys and belts in lieu of gear 
wheels, as the belts will slip under undue strain. 


SUCTION DREDGERS. 

Most of these dredgers are sea going, and are constructed either 
with or without self discharging hoppers; some have clozed hoppers 
and are emptied by suction pipes and centrifugal pumps; they are 
more rapid in action than the ladder and bucket type, and are 
usually employed in cases where there are large quantities of 
sand, fine gravel and mud to be removed, but they are also capable 
of sucking up small stones and coarse gravel and are much used 
for deep dredging to 60 and 70-ft. depths. 

The diameters of the mild steel suction pipes vary from 20, 24, 
30, 36 and up to 42 inches; the discharge pipes are usually of 
slightly less diameter. 

Drag suction dredgers have the suction pipe at the stern, which 
trails the bed of the sea as the vessel slowly moves; some of these 
have pipes over each side of the hull from about midships and 
towards the stern, but others have a single pipe working in a central 
well in the bow of the vessel. 

The materials are sucked up through the pipes, which have a 
grid on a drag head at the lower end, by means of powerful 
centrifugal pumps, and are discharged through pipes either into 
hopper barges or the hopper of the dredger. In some cases the 
materials are pumped ashore through long lengths of piping sup- 
ported on floating pontoons with anchorages. 

When dredging mud and sand, one part of material is raised 
to from 5 to 7 parts of water; in some dredgers a large proportion 
of the water can be discharged from the hoppers by special centri- 


side weirs in the combing at the deck level. 

There are large suction dredgers capable of rai- 
trom 4,500 to 10,000 tons of mud and sand per n 
put about 2,000 tons per hour is more usual, and the 
going speed is from 10 to 15 miles per hour. 

Dredgers with 24 inches diameter suction and dischar_< 
pipes are capable of dredging clay and silt to the amou: 
ot 1,600 cub. yds. (2,160 tons) and 1,825 cub. yx 
(2,463 tons) per hour at 20 cub. ft. per ton, while wiih 
a 30-in. suction and 27-in. discharge pipes the quantity 
raised is 2,100 cub. yds. (2,835 tons) per hour. , 

The hopper capacity of a dredger 204-ft. x 38-ft. x 
17-ft. 6-in. moulded depth would be about 27,000 cub. 
ft. or 1,000 cub. yds. (1,350 tons). There are in com 
mission some large dredgers 525-ft. x 72-ft. x 40-ft. 5-in 
deep, and 27-ft. 8-in. loaded draught, with two suction 
pipes, having hopper capacities ot 8,000 cub. yds. o: 
10,800 tons. The capacity of each pump being 63,450 
gallons per minute. Other types about 300-ft. x 52-ft. 
6-in. x 25-ft. depth with hoppers holding 2,800 cub. yds. 
(3,780 tons) are capable of lifting 75,000 gallons per minute from 
a depth of 40-ft., by 48-in. diam. centrifugal pumps. 

The main suction pipe is connected to the suction pipe of the 
pumps either by a ball and socket or a swivel pipe at the upper 
end, while the lower end is suspended by wire ropes from a winch 
or crane. In dredgers that have port and starboard drag pipes, 
the pipe swivels are towards the bow, and the pipes lie towards 
the stern of the vessel. When not in use, the pipes can be hoisted 
inboard by the addition of sliding or telescopic joints on the deck 
between the pump suction pipes and the swivel joints of the main 
suction pipes. 

Suction dredgers are much used for reclamation purposes with 
discharge pipes from 24 to 32 inches in diameter. If the reclam- 
ation area is some distance inland, a pipe is laid on the ground 
and connected to a pumping station on a light piled pier on the 
shore, the spoil is brought by hopper barges from the dredger to 
the pier, and is pumped up, and then forced through the land pipe. 





CUTTER AND SUCTION DREDGERS. 

These are operated on the same principle as suction dredgers, 
but at the lower end of the suction pipe there is a revolving cutter 
head formed of four or six curved steef blades of various types. 
In some, the lower end of the pipe is bent down, and the shaft 
of the cutter passes through the centre of the bend to the out- 
side, where there is bevel gearing, and a driving shaft attached 
to the top of the pipe for its whole length; at this end there is a 
small platform fixed to the top of the pipe just below the swivel or 
ball and socket joint, or swivel joint as the case may be; on this 
is mounted an electric motor with gearing to the cutter shaft, the 
motor being connected to a dynamo on or below the deck level by 
a flexible cable. In other cases, the lower end of the suction pipe 
is either straight or slightly bent down, and the driving shaft of 
single or twin cutters is prolonged beyond the end of the pipe, 
the cutters thus operating a short distance beyond the end of the 
pipe. Another driving method for the cutter which has been suc- 
cessfully used for a 24-in. diameter pipe is to mount a small two- 
cylinder horizontal steam engine on the platform at the upper end 
of the pipe, with link motion for the valves and gearing in con- 
nection with the shaft, flexible or swivel jointed steam pipes 
being used. 

In this type of dredger the well for the suction pipe is on the 
centre line of the vessel and in the bow; some have no hoppers, 
and others have either self discharging ones or closed ones, and 
are capable of dredging to a depth of 60-ft. in stiff clay, soft sand- 
stone, chalk, hard sand and indurated gravel. 


GRAB-DREDGERS. 
These dredgers are employed in harbour work when there is a 
limited amount of dredging to be done, such as working near 
dock walls, for clearing up coal dropped from coal shipping staiths, 
picking up loose rocks, etc., unloading coal and ores from barges, 
and for excavating inside caissons and cylinders, also for working 
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in spaces that are more or less confined, and where time is not 
iniportant, for they are slow in action. 

Grabs are specially designed for a great variety of purposes, 
such as the picking up of coal, slag, ores, mud, sand, gravel, 
road metalling, rock asphalt, broken metal, pit props, sugar canes, 
and other materials, but for harbour and river dredging there are 
~ three chief forms in use, viz.:— 


mo Os 


(1) Clam shell and orange peel grabs with tight closing steel 
plate jaws. The clam shell buckets are in two halves and 
rectangular in plan, while the orange peel ones are circular 
in plan, hemispherical in form, and are divided into either 
3, 4 or 6 segments, according to their size. 

>. (2) Grabs rectangular in plan, in two halves, the jaws of which 

9 are armed with half tines, or short forged steel teeth bolted 

1 on the lips. 

n (3) Grabs rectangular in plan, with whole tines, consisting of 

ir long teeth that side lap one another when the jaws are 

0 closed. 

The first type is used for dredging mud, sand and gravel; the 

second for excavating in clay, hard sand and gravel; and the third 
. for lifting large stone ballast, broken rocks, anchors and other 
bulky materials. 
. Grab dredgers usually consist of a barge or vessel with either 
; closed or self discharging hoppers, and with or without propelling 
h machinery; a revolving power driven crane of about 7 tons lifting 
capacity is mounted on the bow, the hopper is amidships, and the 
boiler and propelling machinery are in the stern. Some are pro- 
pelled by Diesel oil engines. Such a barge would be about 78-ft. 
long, 19-ft. beam and 7-ft, deep, with a hopper capacity of 80 
tons and a grab bucket of 21 cub: ft.;.but some are much longer, 
having four revolving cranes and grabs, two at each end of the 
hoppers, that have capacities of from 390 to 530 tons. These large 
dredgers have propelling machinery, with store rooms and 
quarters for the crew in the bows, and have a dredging capacity 
of from 50 to 60 tons of mud per hour. 


Grab dredgers with half tine grabs of 13} cub. ft. capacity and 
weighing 26 cwts., require at least a 5 ton lifting capacity crane; 
grabs of 21 cub. ft., weighing 31 cwts., require a 7 ton crane; 
while those of 27 cub. ft., weighing 35 cwts., a 10 ton crane. There 
are grab dredgers with self discharging hopper capacities of 1,200 
tons, fitted with two steam driven cranes, one at each end of the 
hopper, and with self propelling machinery, the grab buckets 
have capacities of from 2} to 4} cub. yds. 

Some Diesel engine driven grab and hopper dredgers, using a 
14 cub. yd. grab, are capable of filling the hopper of 150 tons 
capacity with mud or sand in 50 minutes. 

The winches on the cranes are either driven by steam engines 
from an independent boiler, or through pipes connected to the 
boilers of the propelling machinery or by electric motors in con- 
nection with dynamos in the engine rooms, also some are driven 
by Diesel oil engines. 

The methods of operating the grabs vary according to the par- 
ticular purpose for which they are required, and manufacturers 
have their own particular systems, of 
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which there are two types: one with a 
single, and the other with two or more 
ropes. 

Single rope grabs usually discharge at 
a fixed height, but some discharge at any 
required height, as in multiple rope grabs. 

In single rope cranes, working a grab 
rectangular in plan, the grab is in two 
halves and two steel levers are pivoted to 
the outer top corners’ of each half, in 
triangular form, and at the upper ends 
they are pivoted to the ends of a steel 
box frame with two sheaves; this box has 
a pivoted hook at the top. The top 
inner corners of the grab have short nlate 


another lower box with three sheaves. 
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The crane hoisting chain or wire rope passes through the top 
box and over a pulley in the lower box, then over pulleys in the 
top and lower boxes alternately, and is finally fixed to the lower 
box, When the grab is lowered, it is normally open, but when it 
is being hoisted, the chain pulls on the lower box and closes the 
jaws of the grab. From the jib of the crane, a heavy metal ring 
is suspended by chains at any desired height, through which the 
hoisting rope passes, and when the grab comes in contact with 
the ring, the hook on the upper box catches on the ring and holds 
the grab, which can then be slewed round by the crane to the 
discharging point, the hoisting chain is then lowered, the grab 
opens and discharges its contents, and at the same time a tumbler 
in the upper box operates on the hook, releasing it from the ring. 

In some grabs used for lifting large pieces of loose rock, in lieu 
of upper and lower box frames for the levers and sheaves, there 
are top and bottom shafts with wide central chain pulleys on 
each, the grab levers being pivoted at the ends of the shafts. 

When two ropes are used, the holding rope is attached to the 
top box frame of the grab, and the other or hoisting rope passes 
through the upper box and over pulleys in the lower box; this is 
used for closing or opening the jaws of the grab, the two ropes 
are pulled together when hoisting. 

There are also grabs that can be operated by merely attaching 
them to the hook on a crane rope. The long levers of the grab are 
pivoted at the top to the ends of a cross bar, and from this bar 
two chains are suspended, these pass round sheaves in the upper 
box frame, which is attached to the top bar by springs, and ter- 
minate in a ring plate which is slipped over the hook, while 
special mechanism 1s used to work the grab. 


DIPPER BUCKET DREDGERS. 


These are chiefly used for deepening canals and rivers, and for 
building up dykes and river banks, also during the construction 
of harbours for raising the level of wharfage areas, and for reclam- 
ation purposes. They usually consist of a large, flat bottomed 
vessel or pontoon without a hopper and with square bow and 
stern, and may have quarters for the crew and store rooms; some 
are self propelled by either steam or Diesel oil engines and screws, 
but most are stationary. 

A heavy crane which revolves in a semi-circle is mounted on the 
bow, and from this crane is suspended by wire ropes from large 
single or double sheaves, a big bucket with hinged bottom that 
is attached to the lower end of a long steel beam, in some cases 
two beams are used, one on each side of the crane jib, and in 
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levers atttached that are pivoted to Self-propelled Rockbreaker, built by Messrs. Lobnitz and Co. Ltd., for the Port 


of Talcahuano, Chile 
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Grab Crane capable of filling a 150-ton Hopper in 50 minutes, manufactured 
by Priestman Bros. Ltd. 


others the beam is carried on the top boom of the jib, and operates 
sideways. 

Ihe upper end of the beam passes through a pivoted band or 
ring on the crane jib side about half-way up in its length, with 
a pinion underneath, that engages with a toothed rack on the 
underside of the beam; the beam can either be pulled inwards or 
forced outwards by a chain passing over a sprocket wheel in con- 
nection with the pinion and a winch on the vessel. In another 
form there is a disc wheel on a shaft at the side of the jib, with a 
pinion, the beam with toothed rack underneath passes through 
iron rings pivoted to the shaft, the pinion being operated by an 
electric motor. Some have no rack and pinion and are operated 
by wire ropes from winches. The hinged bottom of the bucket 
with a spring clip is opened by pulling on a wire rope fixed to it, 
and leading to the deck of the dredger, it closes automatically 
when the bucket is lowered. The steel bucket beam may be up 
to 70-ft. long, with a maximum dredging depth of from 40 to 
50-it. The capacities of buckets may vary from 10 to 16 cub. yds. 
in some large dredgers, but from 2 to 6 cub. yds. is more usual; 
a 3} cub. yds. bucket can remove from 300 to 400 cub. yds. of 
loose rock per hour; and some are capable of lifting pieces of 
rock up to 50 tons in weight. 

In some cases, when the dredger is stationary, it is held in 
position by three or four vertical steel and pointed posts termed 
spuds, about 80-ft. long, which pass through square vertical tubes 
in the vessel, and have pulleys in the tops with wire ropes to the 
posts, and winches, so that they can be driven into the ground. 
DRAG-LINE BUCKET DREDGERS. 

These are used chiefly for deepening rivers and canals, and for 
building up the banks of these, and of sea dykes as at Holbeach 
on the Wash, with the dredged materials; they have also been 
employed for deepening the areas of dock basins while under con- 
struction inside dams. They usually consist of a steel scoop- 
shaped bucket; at the end of the hooded portion, which is in 
front, there is a lower cutting lip that is sometimes armed with 
teeth or short tines; the sides and end at the back are turned up, 
the top being open. When building up the bank of a sea dyke 
they are operated by 50 to 70-ft. long jib cranes mounted on a 
caterpillar tractor on the top of the bank; the crane hauling wire 
rope is attached by chains to each side of the cutting edge of the 
scoop, and at the back of the scoop a steel triangular yoke is 
attached to it by pivots with a pulley at the apex; a wire rope 


leads from the top of the front of the scoop round this 
pulley and is connected to the hauling rope at the apex of 
tne cnaiMs in front oI the cutung edge; tne crane noisting 
rope is also fixed to the apex ot tne pack yoke, and wien 
the hauling rope is slackened the scoop tips up and ‘e- 
leases its contents, while being hoisted. 

When dredging across a canal or river, sometimes tyo 
travelling caterpular tractor cranes are employed, one on 
each bank. To one crane the hauling and hoisting ropes 
are connected, and to the other a wire hauling rope leads 
trom the crane to the top of the yoke on the scoop, and 
is used to pull the scoop back to the opposite side. 

Another form of scoop consists ot a cylindrical stc:l 
drum about 7-ft. long and 4-ft. 6-in. diam., or 4 cub. vds. 
capacity, with a longitudinal opening on the circumterence; 
a steel yoke is attached to trunnions at each end, with a wire 
rope to a 40 h.p. hauling winch on caterpillar tracks on om 
bank of a river, or area to be dredged, such as a new wet 
dock basin; on the opposite bank is a 20 h.p. travelling 
winch with a wire rope attached to the top edge of the 
open part of the scoop—this steadies the scoop and pulls 
it back after each cut. Some scoops used for the same 
purpose as the previous one, are shaped like the hopper 
of a grass cutter, and have a hauling rope attached to the 
base of the front lip, in connection with a winch on one 
bank only and a hoisting rope attached to a yoke pivoted 
to trunnions on each side of the back of the scoop, passes 
over the pulley of a long crane jib, to another winch on the 
same crane. Scoops of this type are suitable for dredging 
river and canal banks, and hold about 1} cub. yds. The 
crane must be some distance away from the edge of the bank, to 
allow the spoil to be deposited in the form of a dyke; when long 
jibs to the cranes are used, the scoops must be lighter in weight, 
and they are not suitable for steep banks, as the friction is re- 
duced. 

The following are the cubic capacities and approximate weights 
of scoops alone, for various lengths of crane jibs, viz.:— 

Weight in lbs. 


Length of jib in feet. Scoop capacity in cub. yds. 


60 23 2,370 
70 = « 2,330 
80 1} 2,290 
90 1} 2,270 
100 1 2,250 


The chief trouble with all drag line dredgers and excavators is 
caused by the tendency of the scoop to slip back into the previous 
cut or trench and to remain in it. This can be minimised by using 
wide buckets and reducing the depths of the cuts. 


SPOON-BAG DREDGERS. 


This type of dredger is slow and cumbersome, and is only suit- 
able for a limited amount of dredging, such as for sand, gravel 
and ballast, or aggregate for concrete from small rivers and canals. 
It usually consists of a hopper barge, from which the spoil will 
require to be removed by grabs. 

A derrick crane with hand winch is mounted on the bow of the 
vessel, and a 20 to 35-ft. long iron tube or timber spar about 3 
inches in diameter is suspended over one side of the stern pointing 
towards the bow, being held by a wire rope sling attached to the 
barge; the lower end of the spar is fixed to the top of a semi-circular 
frame to which a strong leather bag is connected, and which holds 
about 14 cub. yds. 

Near the top of the front of the fame, a triangualr steel voke is 
attached, with a pulley at the apex; a chain or wire rope looped 
to a bollard or ring on the bow of the barge passes round the 
pulley, and from thence to the jib pulley of the crane and winch. 

The barge has two bow and two stern cables to anchors and to 
winches on the vessel; three men are sufficient to work the dredger; 
they haul on the bow anchors and slacken on the stern ones, th 
bag being thus pulled along the bed of the river, while a man 
presses the spar to keep the trawl up to its work. When full, th: 
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bag is lifted and tipped by hand into the hopper. _ Propelling 


machinery is not usually employed. 
WATER FLUSH DREDGERS. 

This is a form of dredger that has been used on the River 
Rhine successfully; it is suitable where the river current is strong 
and the bed is formed of soft mud, sand and gravel. 

it consists of a self propelled vessel with water suction and force 
pumps placed amidships, drawing water from the river and 
forcing it into steel pipes with swivel joints lying on each side of 
the vessel; the pipes lie parallel with the sides of the vessel and 
face towards the bow, ending in “‘ T’’ pieces, about level with 
the bow end, being supported by ropes from the deck. At the 
end of each cross pipe of the ‘‘ T,’’ pipes with swivel joints trail 
the river bed towards the stern. 

The vessel faces the current of the river, and the water forced 
into the pipes stirs up the mud, etc., which is thus carried down 
the river to the sea. Large steel rakes have also been used for 
stirring up mud in rivers that have strong currents. 

ROCK BREAKERS. 

Although these are not dredgers, they form an important part 
of dredging operations in cases where hard masses of rock require 
to be broken up into small lumps so that they may easily be 
removed by either ladder and bucket dredgers or by grabs, and 
where sub-marine blasting operations cannot be safely done. 

They usually consist of a rectangular, steel, flat bottomed and 
decked barge about 100-ft. x 28-ft. x 8-ft. deep and 3-ft. draught. 
Sometimes two barges are used, side by side, being held together 
by cross beams at deck level; some are self propelled. 

At one end or bow, there is a cantilever platform, and also a 
strong tripod derrick about 40-ft. high with a large pulley at the 
top, the boilers and engines being at the stern; the steam winches 
are placed at some distance behind the derrick, they are for hoist- 
ing long steel and pointed rams, which are allowed to fall freely, 
and by a succession of blows to pierce the rock—the action being 
similar to that of a pile driver with drop hammer. 

The rams or cutters are long, solid cylinders of forged steel, 
machined, and sometimes polished on the surface to reduce the 
friction; they vary in diameter and weight according to their length 
—the weights used range from 4 to 20 tons. A 4 tons ram is about 
15-in. in diam. and 20-ft. long, while one of 15 tons is 20-in. in 
diam. and 50-ft. long. 

The rams taper from the middle of their lengths towards each 
end, and the lower ends are: fitted with a conical and hardened 
chrome steel point, turned down at the top and shouldered to fit 


rams, the broken rock being removed by a ladder-bucket dredget 
or a grab, 


DRILLING BOATS. 

These are used for drilling holes in submarine rocks for blasting 
charges. They are constructed in the form of a rectangular flat 
bottomed and decked barge, about 133-ft. x 33-ft. x 7-ft. deep, with 
a draught of 4-ft. and without propelling engines; the hull is 
divided into a number of water-tight compartments by bulkheads. 
On one side of the deck a shed is erected for housing the ‘crew, 
and for stores and workshops; the steam boilers and engines for 
operating the drills being in one of the central compartments of 
the hull, On the other side of the deck there are four or five 
vertical steel frames from 25 to 30-ft. high along the gunwale for 
operating the drills; these frames travel on rails, so that the spacing 
of the drill holes may be regulated, and each frame has its own 
power driven winch, 

At each end corner of the barge there is a long spud or vertical 
steel pointed pile, of steel or timber, about 22 inches square, 
sliding in short iron casings; these are jumped down into the 
sea or river bed to hold the drill boat in position. They are 
operated by hand winches and gearing to pinions that engage with 
racks on the piles. 

Two types of drills are used: diamond for very hard rocks and 
jumper for softer ones. The former are operated at the rate of 
about 250 revolutions per minute, while the latter give about 25 
blows per minute. 

The spacing of the holes depends upon the hardness of the 
rock, being from 5 to 6-ft. apart in each direction for hard and 8 
to 12-ft. apart for softer rocks, while the depths of the holes 
ranges from 5 to 9-ft. 

The explosives used are usually either dynamite or gelignite, 
that are detonated by fuses or by an electric battery, and about 
1 lb. of explosive is required to dislodge 2} cub. yds. of rock. 
HOPPER BARGES. 

There are two main types of hopper barges, viz.: (1) Non self 
discharging, and (2) Self discharging; they are flat bottomed 
vessels constructed of steel. The non self discharging barges have 
usually double bottoms for protection against damage by grabs 
when being discharged; they require to be towed by tugs between 
the dredger and the discharging ground, and are not of large size 
or hopper capacity, usually ranging from 200 to 700 tons. Self 
discharging barges are more generally employed, they may or may 
not be self propelled; in the former case the engines are either steam 





into a socket at the base of the ram, where 
it is held by a set screw. 

The cutter passes through guides, or a short 
length of cylinder, projecting below the plat- 
form and fixed to it under the derrick, being 
suspended by a wire rope from the pulley. 
In some cases three rams are used operating 
on one side of the barge. 

The lengths and weights of the rams vary 
according to the depths of the water and 
nature of the rock; the drops given range from 
6 to 10-ft., and about eight blows are neces- 
sary to penetrate hard rock to a depth of 3-ft.. 
the usual maximum depth, but in some hard 
trap rocks 15 blows may be required, and 
from 2 to 43 cub. ft. is shattered per blow. 

The holes are spaced from 8 to 4-ft. 6-in. 
apart, the barge being anchored by six hawsers 
or chains to ground anchors, while four side 
hawsers are for traversing. 

For some more modern forms, a shorter 
ram is used with a longer drop, operating 
inside a long steel tube lined with wood, and 
reaching some distance under water. There 




















is a pulley at the top of the tube with a wire 
rope to a steam or motor driven winch; this 


is more rapid in action than when using long Ferguson 


Oil-burning Twin-Screw Hopper Dredger QOtakou conistructed by 
Ltd., for the Otago Harbour Board 


Messrs. Fleming and 
Dunedin, New Zealand 
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Suction Hopper Dredgers Oyo and Jalengi, built by Messrs. William 
Simons and Co. Ltd. 


driven, or of the Diesel oil type, placed in the stern. The bottom 
hinged folding doors of the hoppers are not water-tight, and are 


Dock & Harbour Authorities’ Association 


Excerpts from Annual Report, 
for the Year ended 31st December, LO50 


The 3lst Annuai Meeting of the Dock & Harbour Authorities’ 
Association for the year ended 3lst December 1950 was held in 
London on 21st ult., and the following items of general interest 
are taken from the Report of the Executive Committee. 


REVIEW OF TRADE HARBOURS 


In pursuance of their function under the Transport Act 1947, 
of keeping the trade harbours under review, which has been dele- 
gated to them by the British Transport Commission, the Docks 
and Inland Waterways Executive during the year have visited 
London, Bristol, Whitehaven, Workington and Maryport, and a 
second visit was made to Dundee. 


HARBOUR SCHEMES 
(1) Proposed Scheme for the River Tees and the Hartlepools. 

The Docks and Inland Waterways Executive on the 11th Octo- 
ber issued a provisional scheme for the River Tees and the 
Hartlepools, with a statement to the effect that the scheme em- 
bodied the Executive’s recommendation to the British Transport 
Commission as to what they considered to be best suited to the 
conditions of the area and that the Commission had accepted 
these recommendations. 

The scheme is based on alternative (c) of the original proposals 
for the area, which were summarised in the Annual Report for 
1949, and provides for the transfer to the ownership of the Com- 
mission of the whole undertakings of the Hartlepool Port and 
Harbour Commissioners and the Tees Conservancy Commissioners 
respectively, the quay undertaking of Stockton Corporation and 
the wharf parts of the undertakings of the Tyne-Tees Steam Ship- 
ping Company Ltd., T. Roddam Dent and Son Ltd. and Deep- 
water Wharf Ltd. The former railway-owned docks at 


Middlesbrough and Hartlepool would be included in the scheme 


in two equal halves, and in several sections in the length, he 
hinges being at the sides of the barge. 

Above the deck there are two central and longitudinal s: ¢ 
arched beams placed side by side with sufficient space betw 
for pulleys, over which chains pass down to the doors at i 
bottom; there are two pulleys to each complete door section, « 
at each end, the chains from the doors being connected to a ri 
on the main chain; the main chains are connected to double p 
chase hand or power winches at each end of the hopper; half t 
doors are operated from the winches at the bow end, and h 
from those at the stern. 


In some large hopper barges the hoppers are divided by bul 
heads into several sections, and have totai capacities of from 1,0 
to 2,000 tons. 

All hopper barges have combings round the hoppers, with wei: 
on each side to allow surplus water to flow over the sides. Anoth: 
form of self discharging hopper barge for conveying mud, san 
and small gravel, consists of a self propelled vessel having a fixed 
bottom; the materials are discharged by a suction pipe connecte: 
to a centrifugal suction pump, and the spoil is delivered ov: 
the side of the vessel into the sea or to a delivery pipe reaching t: 
the shore of ground to be reclaimed, or into shallow water wher 
the depth is not sufficient to operate barges with hinged bottom 
doors. 

The following are the weights per cub. ft. in lbs. of some dredged 
spoil saturated with water, viz.:—river silt, 110 to 116, averag: 
113 (19.8 cub, ft. per ton); coarse sand, 130 to 132, average 131 
(17.1 cub. ft. per ton); chalk, 126 to 128, average 127 (17.6 cub. 
ft. per ton); London clay, 141 (15.8 cub. ft. per ton). In gauging 
the capacities of hoppers, usually 20 cub. ft. per ton is taken. 


s 


but private docks, oii and coal docks, and drydocks are excluded. 

The scheme provides for a limited degree of management of 
the undertaking by a local Harbour Board, as agents for the 
Commission, the Board to consist of a Chairman and eight othe: 
members all of whom would be appointed by the Commission. 

Having regard to the opposition which the provisional schem« 
has aroused among most of the bodies and organisations interested 
in port facilities in the area and to the wide-spread support for a 
scheme which would provide for the setting up of a local port 
authority with autonomous powers, it is to be hoped that further 
consideration will be given to this strong consensus of opinion 
before the Commission are finally committed to any scheme for 
the area. 

The Executive Committee have consistently taken the view that 
the criterion by which a scheme under Section 66 must be judged 
is whether or not it will promote the efficient and economical 
development, maintenance or management of the trade harbour 
or group of trade harbours to which it applies. Without know 
ledge of all the factors which have guided the Commission in 
deciding to accept the provisional scheme. it is of covrse impossible 
to judge on what grounds the Commission consider that this 
requirement of the section is more likely to be fulfilled by setting 
up an administration on the lines of the provisional scheme, rather 
than by adovting the principle of an independent public trust. 

If, notwithstanding the opposition which the suggestions have 
aroused, the scheme is accepted by the Minister, the Committee 
feel stronely that the scheme should be submitted for examination 
at a Public Local Inquirv. at which the British Transport Com 
mission would be required to shew cause why the scheme shold 
be made having regard to the paramount considerations of in 
creased efficiency and economy. 

(2) Proposed Scheme for the Clyde Area 

Consultations took place in February between the Docks and 
Inland Waterways Executive and the local interests in the Clyde 
Area, on the subject of the three alternative proposals referred to 
in the Annual Report for 1949. 

(3) Proposed Scheme for Aberdeen. 

In October the Docks and Inland Waterways Executive informed 

the Association and others concerned that, in accordance with a 
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recommendation of the Executive, the Commission had come to 
the conclusion that a scheme should be prepared under Section 66 
for the port of Aberdeen. 

The draft alternative proposals for Aberdeen issued by the 
Docks and Inland Waterways Executive follow generally the lines 
of those previously issued as a basis for discussion in the Tees and 
Clyde Areas, 


FIRE PREVENTION FOR SHIPS IN) PORT 


The Report of the Working Party on Fire Prevention and Fire 
Fighting in Ships in Port, set up by the Ministry of Transport 
in 1948, was published in February, 1950 (Stationery Office, 
Sd.) and was brought to the notice of the members, at the request 
of the Ministry of Transport. 

The Ministry asked that particular attention should be given 
to the concluding paragraphs of the Report in which is stated 
the Working Party’s conclusion that, while there is no single or 
simple solution to the problem of fires in port, there are three 
factors which in the aggregate are of major importance, and due 
attention to which will keep the risk of fires toa minimum. These 
three factors are: 

(i) the establishment of clearly-defined instructions and 
practices dealing with fire-prevention and fire-fighting, and 
their strict observance by all responsible for ships in port; 

(ii) the employment of the right type of man as patrolman; 

(iii) the promotion and maintenance of goodwill on the 
part of shipyard managements and workmen in preventing 
fires. 

In recommending the Report to the notice of members of the 
Association, the Ministry stated that it would be appreciated that 
if substantial progress was to be made in reducing to a minimum 
the loss and expense occasioned by such fires the fullest co-opera- 
tion of all the interests*concerned would be essential, and the 
Minister had no doubt that the Association would be prepared 
in the national interest to co-operate towards this end. The 
Minister hoped that the Association would give the recommenda- 
tions contained in the Report its most serious attention, and do 
everything in its power to ensure their full implementation in so 
far as they affected the Association. 

The only comments of substance received from members in 
reply were in relation to the recommendation in paragraph 32* 
f the Report, the consideration of which by the various interests 
concerned had disclosed an apparent divergence of opinion at 
some ports on the question as to whether the final decision to 
stop pumping in order either to prevent the ship capsizing or to 
illow it to be moved should res: with the port authority, the 
ship’s representative or the fire authority. 

The factors bearing on the problem vary from port to port. 
For example, in some ports the authority’s harbour or dock master 
has special powers in regard to the movement or control of vessels; 
it other ports a special problem arises in the case of vessels which, 
after having been launched, are fitted out at a berth within the 
dock authority’s jurisdiction 

Representatives of the Association attended a meeting at the 
Ministry of Transport at which were present also representatives 
of the Home Office, the Scottish Home Department and the British 
lransport Commission, when there was a full discussion on para 
eraph 32 of the Report, and it was agreed that the Government 
Departments concerned should inform the Association and the 
British Transport Commission of the official attitude to para- 


Nhe Report ot the Working Party Paragraph 32}, says ‘‘ We are 
strongly of the opinion that the consequences of endangering a ship's 
stability through the intake of large quantities of water are so grave, 
ind raise issues so far beyond the npetence of the fire service accurately 
to assess, that the decision to stop pumping in order either to prevent 
apsizing or to allow the ship to be moved away must always rest with 
the appropriate dock or harbour authority. We do not feel it to be 


vithin our province to recommend the precise steps, legislative or other, 
vhich should be taken to deal with this matter, but recommend that 
the attention of the Home Office and Scottish Home Department be 
lrawn to it in order that, if a clarification of the law is not practicable 
it the present time, the Home Secretary and the Secretary of State for 
Scotland should (if they see fit) give advice on these lines to fire 
authorities.’’ 
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graph 32 and that the Association would thereafter submit for 
the consideration of the Government suggestions for defining the 
responsibilities and duties of the various interested parties for 
approval as the basis for adoption generally at ports. 

Later a letter was received from the Ministry of Transport from 
which it was apparent that the Home Office had recommended 
fire authorities to give instructions to their Chief Officers in con- 
formity with paragraph 32 and in which it was stated that the 
Minister strongly recommended dock and harbour authorities to 
act in conformity with that paragraph. 

The Association’s suggestions for defining responsibilities and 
duties were embodied in a form of draft notice which has been 
submitted to the Ministry of Transport and is now under consid- 
eration by that Department in conjunction with the Home Office 
and the Scottish Home Department. 


DOCK AND HARBOUR ENGINEERING JOINT COMMITTER 


This Committee consisting of representatives from the Associa- 
tion, the Docks and Inland Waterways Executive, and the Rail- 
way Executive, held quarterly meetings at which they discussed 
various Matters of common interest including the following: 

Load bearing to be provided ot surfaces of quays, wharves, 
warehouse floors to allow tor the use of mobile cranes. 

Standardisation of Engineering products. 

Diving gear. 

Under-water cutting. 

Mooring Bollards. 

Model Experiments. 

Warehouse Doors. 


OIL IN| NAVIGABLE WATERS 


The Transport and Communications Commission of the United 
Nation have recommended that the problem of pollution of the 
sea by oil should be dealt with by the Inter-Governmental Mari- 
time Consultative Organisation (1MCO), when that body is set 
up, and at the invitation of the Ministry of Transport the Associa- 
tion was represented at a meeting held with the object of discuss- 
ing matters arising out of a note on the subject addressed to H.M. 
Government by the Secretary General of the United Nations. 

At this meeting consideration was given to the reply which should 
be sent on behalf of the Government to a questionnaire from the 
United Nations dealing with various aspects of oil pollution, and 
also to the question as to what preliminary work should be mnder- 
taken on a national basis in the way of further investigation of 
oil pollution problems pending the setting up of the Inter-Govern 
mental Maritime Consultative Organisation. 


PASSENGER HANDLING FACILITIES FOR TOURISIS 


A Working Party was set up by the Government in 1948 unde1 
the Chairmanship of the Treasury Organisation and Methods Divi 
sion, to consider measures to improve facilities for the reception 
of tourists at ports and airports in this country. The Final 
Report was issued in a provisional form in March, 1950, for the 
information and comments of the authorities directly concerned, 
including the Port of London Authority, the Mersey Docks and 
Harbour Board, the Tyne Improvement Commission, the New 
castle-upon-Tyne Corporation, and the Dover Harbour Board. 

I'he Ministry of Transport drew the Association’s attention to 
the Working Party’s recommendation that the Ministry ‘‘ be asked 
to undertake a further study of the possible use of mechanical 
conveyors to load and discharge baggage at the principal liner 
ports,’’ and suggested that it would be more appropriate for the 
Association and the British Transport Commission to undertake a 
joint examination of this subject and report their conclusions to 
the Ministry of Transport in due course. 

The Association’s Port Equipment Sub-Committee advised the 
Executive Committee that the use of mechanical baggage con- 
veyors is a subject which concerns dock authorities separately and 
is one that can only be determined by an investigation of the 
operating problems at each port. The Association therefore in- 
formed the Ministry and the British Transport Commission that 
the Committee were of the opinion that the problem is not one 
which lends itself to joint examination. 
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Oceanographical Research 
Applications to Navigation and Maritime Engineering* 
By G. E. R. DEACON, F.RS. 


Oceanography is concerned with the application of all sciences to 
the study of the sea, and navigation, in its widest sense, with the 
application of any science and systematic knowledge to the purpose 
ot maintaining safe and efficient communications across the oceans. 
It would be wrong to suggest that basic studies of sea conditions 
are followed by systematic attempts to use them to improve 
navigation. Progress is sporadic, depending on individual enthu- 
siasms and commercial enterprise as well as the efforts of govern- 
ment departments and professional associations, 


TIDAL OBSERVATIONS AND PREDICTION 

After good charts, and methods of fixing position and measuring 
depth, an exact knowledge of the tides is probably the next most 
important aid to navigation. The subject of tides is in such a 
satisfactory state of practice and progress that the need for further 
research is sometimes questioned. It must be remembered, how- 
ever, that although the careful analysis of tidal records and skilful 
handling of the results allows the tides to be predicted with great 
accuracy, continuous records cannot be made in every place for 
which predictions are required, and to make the best use of a short 
run of observations or of measurements at an adjacent station 
requires a reliable theory of the effect of the tide raising forces on 
seas and estuaries of different size and shape. There are also 
difficult applications of tidal theory and problems in connection 
with the changes in estuaries and channels by silting and erosion. 
Perhaps the most outstanding practical problem is the need for 
continued investigation of surges and other movements of water 
due to meteorological causes, which although they are not tides, 
are a constant challenge to the authorities who can make such 
accurate predictions of the normal rise and fall. 

CURRENTS 

In some parts of the world the need for more detailed inform- 
ation of ocean currents, especially of the variations in speed and 
direction near shore, is important. Thanks to the painstaking work 
of marine observers, especially since the middle of last century, 
when the systematic collection of data was organised by the 
Meteorological Offices of the principal nations, reliable charts of 
the monthly average current are available for all parts of the oceans 
usually traversed by ships, and good use has been made of them 
for many years. To do any better, it will be necessary to have a 
thorough understanding of all the processes which produce and 
maintain the currents, so that the navigator, especially in a region 
of variable currents, has information that will enable him to estimate 
the speed and direction on a particular day, It is not such a 
straightforward problem as tidal prediction, because the forces 
involved, mainly that of the wind, are not regular and capable of 
exact specification like the tide-raising forces, but complex and 
not fully understood. A long series of observations in a particular 
region is likely to provide the local knowledge necessary to interpret 
changes of wind and other factors, but to advance the subject on 
a world-wide scale, the work must be designed to afford ‘a deeper 
insight into the basic processes that are involved. 

An intensive investigation of the Gulf Stream, likely to lead to 
notable advances in theory and prattice, is being made by 
oceanographical laboratories in U.S.A. and Canada, in co-operation 
with shipping companies, the U.S. Hydrographic Office, and other 
government services. The first measurements, made more than 100 
years ago, showed that the current was unsteady, and that it shifted 
its position, so that the set varied greatly in strength and direction, 
especially at the edges of the current. Since then, the process of 
averaging many thousands of observations has tended to represent 
the current as broader and weaker than it really is. It remains to 
be seen whether ships using radio-methods of position-fixing can 








*Excerpts from a paper read to the Institute of Navigation on the 
16th March, 1951. 
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gain some advantage by maintaining courses in the fastest par: of 
the stream, or whether they will, all things considered, be as v,ell 
off taking the rough with the smooth along the usual axis of he 
current. 

Other instruments as well as the new methods of position-fix ng 
are tending to focus attention on the detailed structure of oc an 
currents. Among them are the Sea Sampler (Spilhaus and Mil!-r, 
1948) for making temperature records and taking a series of water 
samples down to a depth of several hundred feet without stopping 
the ship, and continuous temperature and salinity recorders ‘or 
lesser depths. New methods of measuring water movements «re 
being developed, and one of them, which relies on the measuie- 
ment of the electromotive force induced across a stream by the 
movement of the water through the earth’s magnetic field has unique 
possibilities. In practice the method is not simple because the 
induced e.m.f, is partly short-circuited by the flow of electric 
current across the stream in one direction, and back through the 
sea bed or stationary water below the stream in the other direction, 
In shallow water, measurements have been made by fixed electrodes, 
spaced a convenient distance apart on the sea bed at right angles 
to the stream, and connected to recording instruments on shore by 
submarine cables. . 

To use the method from a ship, a pair of electrodes connected 
by an insulated cable and voltmeter must be towed across the 
stream. As the ship and electrodes drift downstream, an e.m.f. 
is induced in the connecting wire, equal to that which is induced 
in the water between the electrodes. If the stream were flowing 
over a non-conducting bed, the two e.m.f.’s in the wire and in 
the water would balance and the voltmeter would record zero 
voltage, but since the sea bed or underlying deep water always 
form a conducting path, there is a flow of electricity through the 
water, and a difference of potential for the voltmeter to measure, 
which is proportional to the electric current and the resistance of 
the water between the electrodes, The measurement cannot be 
interpreted without some knowledge of the depth and width of 
the stream and of the movements of the underlying and neigh- 
bouring water masses, but if the depth of the stream is small 
compared with its width, as in a wind-drift above more or less 
stationary deep water, the e.m.f. in the water is almost completely 
short circuited. The reading of the voltmeter will then be directly 
proportional to the rate of drift of the electrodes and connecting 
wire. 

WAVES AND SWELL 

A knowledge of waves may come next in usefulness to that of 
tides and currents. There is little to be done about them in the 
open sea, except that more precise knowledge of their character- 
istics may lead to some refinements or economies in design of ships 
and their equipment, but in some harbour approaches and exposed 
anchorages exact information may be very useful. During the 
past few years, wave recording instruments have provided more 
detailed and accurate information than could be obtained from 
the previous visual observations. Analysis of wave records from 
local and distant storms has shown that the wind energy is com- 
municated to a range of component wave trains with wave-lengths 
from ripples up to a maximum, which can be as much as 3,000 
feet, depending on the greatest wind strength. Much of the 
observed variability in the visible crests and troughs, and the 
occurrence of groups of high and low waves, is due to the inter- 
action of component waves, which although masked in the com- 
posite pattern, retain their identity, and while travelling at 
different speeds, get in and out of step to make high and low 
crests. When the wind is light or the observations made near a 
weather shore the energy is concentrated in short waves, but with 
increasing strength, duration and fetch, the predominant wave- 
length becomes longer and longer, It has been shown that the 
component wave trains travel independently across the ocean with 
velocities proportional to their wavelengths, so that after they, 
leave the storm area the separation between the long and short 
waves increases with distance. The longest waves are usually 
very low because their speed, practically the same as the wind, 
has prevented them from absorbing much energy. On a perfectly 
calm beach the first swell from a distant storm may be too low and 
too long to see, but after a while it may be noticed because of 
regular disturbances every 20 seconds or so round rocky ledges 
near water level, and then as regular long lines of low swell over 
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Oceanographical Research—continued 


the shallows. The high swell which brings most of the energy 
from the storm comes later still. It is important to know how the 
energy in the storm area is distributed over the range of wave- 
lengths since it determines, together with the distance of the storm, 
the time and rate at which the swell builds up and dies down on 
a distant coast. 

The analysis of wave records, in addition to providing inform- 
ation which is being used to improve methods of predicting waves 
and swell from information about the winds, can be used to detect 
very low, long, swell usually about 12 hours before it becomes 
visible. The observed characteristics and the way they change 
can be used to predict high swell which might make a bar impass- 
able or prevent the transhipment of cargo. Recent Admiralty 
research, on waves has led to a demonstration that interference 
between trains of waves of the same dominant length travelling in 
opposite directions produce fluctuations in the mean pressure on 
the sea bed sufficient to cause ground waves which can be 
recorded by seismographs 1,000 miles or more away. The pos- 
sibility of using them to obtain information about distant sea 
conditions is particularly attractive, since they travel from the 
storm area at as much as 2} miles a second, 

Sufficient work has been done on the changes in waves as they 
enter tidal streams and shallow water to allow a reasonably accurate 
prediction of the variations in the height of surf along an irregular 
coast. One of the outstanding requirements is for detailed inform- 
ation about the littoral drift due to waves; many coastal 
authorities ‘and harbour engineers are fighting continual battles 
to retain sand and shingle where it is needed to protect the coast, 
and to prevent it from accumulating in places where it is a 
hindrance to navigation. There is little doubt that this work 
could be done more economically -and perhaps more effectively if 
more was known about the water transport due to waves. 


RANGE 

There are several types of long waves, intermediate between 
ordinary waves and tidal waves, which may have some importance 
to navigation. It has been shown that groups of high and low 
waves travelling towards a shelving beach create outgoing long 
waves of 1 to 5 minutes period, which have been called Surf Beats. 
On the coast of Cornwall they are about 4 inches high, from 
ordinary waves 4 feet high. They may be a contributory cause 
to the resonance effects in certain harbours, usually known as 
‘“ range action,’ in which a moored vessel responds so actively to 
sea oscillations that mooring ropes are broken and other nuisance 
and damage occurs. There are other factors, such as rising wind, 
which can excite the natural oscillations of bays and harbours; 
and there is some evidence that sufficient energy for the purpose 
can trayel at the speed of long waves (about 500 knots in 2,000 
fathoms) from distant storms. The record from almost any tide 
gauge takes on a saw-tooth outline at times due to the super- 
position of the local oscillations on the tides, but the sources of 
energy have not been considered in detail, and engineers have 
had to make detailed studies of range effect (Wilson, 1950) with- 
out some of the basic oceanographical and meteorological 
information. 

Oceanography, like every other science, becomes more difficult 
as attempts are made to turn the qualitative information, which 
has in many respects satisfied us till now, into something more 
precise. But in the past few years a good deal has been done; 
the recent work by Stommel (1948) and Munk (1950) on the 
wind-driven ocean circulation being a useful example.  Re- 
examination of the problems has allowed some of the simplifying 
assumptions to be removed, and we are getting much nearer 
actuality and the prospect of applying our knowledge. 








NEW CRANES FOR PORT OF WELLINGTON. 

A British firm, Messrs. Richard C .Gibbins & Co., Ltd., of 
Birmingham, designers and manufacturers of cranes and lifting 
tackle, have succeeded in securing the contract from the Welling- 
ton (New Zealand) Harbour Board for the supply of nine 3-motor 
cage-operated electric overhead travelling cranes of 2-tons capacity, 
and one crane of 5-tons capacity. The total value of the contract, 
which was put out for public tender, is a little over £25,000. 
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Publicity by Colour Film 

A preview of the 16 mm. colour film ‘‘ Port of Manchester ”’ 
was given in Manchester on March Ist. The film was produced 
by Times Film Unit on behalf of the Manchester Ship Canal Com- 
pany, and the commentary was spoken by Mr. D. A. St. John 
Hollis, public relations officer of the canal company. 

The film opened with scenes of Manchester from the air—the 
commentator pointing out that this great inland city would not 
have existed as we know it to-day had it not been for the fore- 
sight of some of its leading citizens over a generation ago. 

Scenes in 1880 showed Manchester depressed, her warehouses 
empty, her trade stagnant, unable to take advantage of her favour- 
able geographical situation. The turning point in the city’s 
fortunes came in 1882 when Daniel Adamson—the head of a 
Manchester engineering firm—called a meeting of local authorities 
and leading industrialists at his house in Didsbury. At this 
meeting the foundations of the great canal undertaking were laid, 
a project which brought new hope and prosperity to Manchester. 

Built not without difficulties, the great waterway was eventually 
opened by Queen Victoria in May 1894, and became one of the 
leading ports of the country. 








On the Manchester Ship Canal at Barton: aerial view of the swing 
road bridge and (right) the aqueduct 235-ft. long, 18-ft. wide and 
6-ft. deep, with a 90-ft. swing span weighing 1,450 tons. 


The film shows the strategic position of Manchester situated as 
it is in the middle of the largest concentration of people in the 
western world, and the focal point of a highly developed transport ‘ 
system. Short scenes also display the various industries located 
in the area for which Manchester is the natural outlet. 
A survey of the facilities of the port followed, emphasising the 
convenient arrangement of docks and quays which enable cargoes 
to be transferred directly to road, rail or inland waterways. The 
mechanical equipment employed and some impressive shots of 
ocean-going liners berthed at the terminal docks were included 
in this sequence. 
The port’s oil handling facilities at Stanlow—which during re- 
cent years has become Britain’s second oil port—were illustrated 
in some detail. Scenes included one showing the building of a ~ 
£15,000,000 refinery and an interesting shot of a model of the 
port’s new oil dock which is to be opened in 1952. 
Finally the great industrial estates of Trafford Park and Barton 
Dock—which owe their existence to the Canal—show the kind of 
development made possible by bringing ocean-going vessels to 
Manchester markets and the extensive resources of the north-west. 








NATIONAL ASSOCIATION OF PORT EMPLOYERS. 

At the annual general meeting of the National Association of 
Port Employers, which was held last month, Sir Colin Anderson 
was re-elected chairman, and Sir John Hobhouse and Mr. Leslie 
Roberts were re-elected vice-chairmen. Sir Douglas Ritchie was 
re-elected hon. treasurer, Mr. D. F. Macdonald (the present 
secretary) was appointed general manager, and Mr. Geo. Hutton 
(assistant secretary), was appointed secretary. 
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OFFICIAL APPOINTMENTS. 


APPLICATIONS are invited for the position of HYDROGRAPHIC 
SURVEYOR with the Geelong Harbour Trust Commissioners, Geelong, 
Victoria, Australia. 

Applicants must be either a duly qualified Surveyor or Chartered 
Civil Engineer with considerable field experience, preferably in. hydro- 
graphic work, including soundings and plotting. Familiarity with echo- 
sounding equipment is desirable but not essential. The successiul 
applicant will be responsible to the Chief Engineer for soundings and 
surveys generally, plotting, computation of earthwork and dredging 
quantities. 

Applicants should state age, marital condition and service with the 
lorces (if any). 

Salary will be within the range £900 to £1,100 (Australian) per annum, 
according to qualifications and experience. The Trust is prepared to 
provide a residence for the successful applicant if married. 

Applications should be [forwarded belore 2nd May, 1951, to the Con- 
sulting Engineers, Messrs. A. E. Turner and John Coates & Co., Ltd., 
Victoria House, Melbourne Place, Strand, London, W.C.2, quoting 
relerence 604. 

HEAD, WRIGHTSON & CO., LTD., Teesdale Iron Works, Thornaby- 


on-Tees, require Design and Detail Draughtsmen for dock gates and 
caissons. Apply to Personnel Manager. 





WANTED. 





WANTED: A Second- aki Harbour Launch, suit: ible lor service on an 
estuarial river, with an appreciable tideway. Length 66 feet. Beam 
15 feet. Depth 4 feet 3 inches. Speed 104 knots, twin screw vessel, 
with 6-cylinder 100 H.P. diesel engine. Suitable accommodation 
necessary lor officials and crew. Mason & Barry, Ltd., 3, Great Win- 
chester Street, London, E.C.2 








FOR SALE. 


STEEL PONTOON incorporating ramp for_passage of vehicles in con- 
nection with vessel or shore. Dimensions: 76-it. x 60-it. Ramp: 1 in 5. 
Draught: 4 feet. For full particulars please apply: General Manager, 


Red Funnel Steamers, Bugle Street, Southampton. 





GEO. TURTON PLATTS 
MEADOWHALL ROAD, 


BUFFERS 


& Co. Ltd. 


SHEFFIELD 


DOCK FENDERS 
& 


SIMILAR PURPOSES 
SUPPLIED UP TO OO TON CAPACITY 





EFFICIENT SHOCK RESISTERS for 
LONDON OFFICE: 14-15, BUSH LANE 








DOCK and VESSEL 
HOUSE, CANNON ST. 
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ONE PICTURE 


is wortha thousand words 




















This picture shows a Smith Electric 
Level Luffing Crane unloading a 
cargo of steel plates in a London 
dock. Specially built for dockside 
work, this crane has a lifting capacity 
of 5 tons at 35 ft. radius and hoists at 
the rate of 80 ft. per minute. But this 
is just one of the many types of 
cranes built by Smiths of Rodley 
which are constantly being modified 
to include all the latest developments 
and modern refinements. Get full 
information about the Smith range 
before deciding on your next crane. 
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DREDGING PLANT 


— UP TO THE LARGEST DIMENSIONS AND CAPABILITIES -— 


DELIVERED COMPLETE OR SHIPPED IN SECTIONS 














Bucket Dredgers 


Suction Dredgers Sewage Vessels 


Cutter Dredgers . Pilot Vessels 
Trailing Dredgers Ferry Steamers 
Reclamation Floating Cranes 
Dredgers 


Passenger Tenders 


Grabbing Dredgers 
Hopper Barges 
Hydraulic Agitators 
Floating Pipe Lines 
Shore Discharge 
Pipes 
Spare Gear and 
Renewals supplied 
to existing Plant 


Towing Vessels 





Salvage Steamers 
Cargo Vessels 
Passenger Vessels 
Barges 


Pontoons 


























Twin Screw Suction Cutter Hopper Dredger “Oceanus.” 


FERGUSON BROTHERS 








SHIPBUILDERS AND ENGINEERS (PORT GLASGOW) LTD. 
NEWARK WORKS, PORT GLASGOW, SCOTLAND 
London Office—6, Bloomsbury Square, London, W.C.1. Telegraphic Address: “* Dredger,’ Port Glasgow 























ANDERSON 





ELECTRIC DERRICKS 


SCOTTISH 
REPRESENTATIVE : 


Mr. G. C. Robertson, 
20, Lumley St., Grangemouth 


LONDON 
OFFICE : 
Finsbury Pavement House, 
120, Moorgate, E.C.2 
Phone : Monarch 4629 








Phone : Grangemouth 233 





ra: "THE ANDERSON-GRICE CO.,LTD, =. 


Carnoustie 2214-5 mond, isonet 
| TAYMOUTH ENGINEERING WORKS - CARNOUSTIE - SCOTLAND || 
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Peles yVentinte 
AND SHIPPING 
CO. LIMITED. 


JAMES WHARF - SOUTHAMPTON 


TELEPHONE : 24.36~-7 - TELEGRAMS :’TOWING, SOUTHAMPTON ‘ 


GRAND BUILDINGS - TRAFALGAR SQUARE -W:C:-2 
TELEPHONE : WHITEHALL 1544+ TELEGRAMS; ‘SEAFARING, LONDON ' 
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RIVER HUMBER COASTAL DEFENCE WORKS 


Comprising Fascine Mattress protection of Slopes below Low Water and Slag pitched Revetments 
up to the High Water Line. 











Plans and Estimates for similar propositions 
gladly submitted upon request. 
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On Admiralty, Crown Agents for the Colonies, War Office and Air Ministry Lists 


9,: NEW CONDUIT STREET KING’S LYNN 


TELEPHONE : KING’S LYNN 3434 & 5 TELEGRAMS: DEDECO, LYNN 
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THE WELLMAN SMITH OWE INEERING CORPORATIO TED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1. WORKS: DARLASTON, SOUTH STAFFS. 
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London Office: 112/113, FENCHURCH ST.,E.C.3 
Telephone: ROYAL 3633 ; | 


Phone. MOTHERWELL 355 ann CLYDE CRANE & ENGINEERING 
HOLY PORE bie PROPRIETORS, CLYDE CRANE & BOOTH LTD. Grams 
MIOKS) 1 | DR LOR EWN 1D) 


“CLYDE, MOTHERWELL'’ 










Manufacturers of— 


FACTORY MADE PRE-STRESSED 
CONCRETE UNITS 


ATLAS ‘‘ FOOTHOLD‘ PAVING SLABS 
KERBS, CHANNELS, ETC. 
ASBESTOS-CEMENT PRODUCTS 
INTERIOR DECORATED PANELLING 


ARCHITECTURAL STONE 
TO ANY DESIGN AND SPECIFICATION 


BUILDING BLOCKS, ETC. 








British Patent No. 569573—16779/43 and Pacented in other Gountrles 


* Pre-Stressed 
* Positive Anchorage 


~ Atlas Stone co.t1p 


ARTILLERY HOUSE. ARTILLERY ROW 
WESTMINSTER . S.W.1 


Telephones: Abbey 3081-4. Telegrams : Atlastonco, Sowest 


Works: CAMBRIDGE, MELDRETH, GREENHITHE, STROOD 
PARK ROYAL, N.W.10, SHORNE 


L1016B 
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ENGLISH ELECTRIC 


industrial motors—— 
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Cranes handle the World’s trade 


So much depends on cranes. Dock 


Ce 


cranes, yard cranes, gantries and simple 
hoists that handle the products of nations 
- on their long road from producer to 
customer. The very ships and locomo- 
’ tives which are the backbone of the 
world’s transportation system could not 
be built without cranes to handle frames 


and plates, boilers and machinery. 


These cranes which carry so literally the 
burden of international trade are only 
as good as their driving motors. In a 
crane motor dependability is vital. 
Ability to handle varied loads in inter- 
mittent operation, year in, year out in 
all climatic conditions and temperatures 
is fundamental to the job. Easy servicing 
and good accessibility are essential—a 


crane should never be out of service. 


Long experience has proved the ability 
of ‘ English Electric’ Crane Motors to 
meet all these requirements. They are in 


use throughout the world in the service 





of trade and industry. 





The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Industrial Motor Works, Bradford 


WORKS : STAFFORD PRESTON RUGBY BRADFORD LIVERPOOL 
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SPENCER 









The Coal handling equipment at Hayle Power Station, Cornwall, was 
designed and erected by us for the British Electricity Authority, Western 
Division. 100 tons per hour conveyors in totally enclosed gantries 
feed boiler bunkers from a coal pile 300 ft. long, also served by a’ Spencer 
troughed belt conveyor. The open conveyor on the right of the 
picture was installed by us in 1938 and has given complete trouble 
free service since its erection. 


(MELKSHAM) LIMI 
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JOHNSON 


FOR A QUICKER ‘TURN ROUND’ 


Reduce overheads with the extra life and sturdier 
performance of “DON” Brake and Clutch Linings. 


There is a selective range of woven or molded 






qualities to suit all conditions of service. 





Country - wide depots staffed by skilled personnel 


give speedy relining service. 


BRAKE € CLUTCH 
LININGS 






You can depend on “ DON” 





















SERVICE DEPOTS 
LEEDS: ‘Phones 20664/5- 






















: "Phone 25103 
cee eOnNAgt: Phone Aston Cross 1447 LIVERPOOL: ‘Phone ~~ _— — 
BLACKBURN: ‘Phone 6581 LONDON—LEYTON: ‘Phone uunnens : 
CARDIFF: ‘Phone 2326 WIMBLEDON: Phones 4248/ 
CARLISLE: ’Phone 589 MANCHESTER: ‘Phone Blackfriars 0596 —- 
CHESTER: ‘Phone 21280 NEWCASTLE-ON-TYNE: Phones 27142 & 
COVENTRY: ‘Phone 64914 NOTTINGHAM: Phone 43646 
EDINBURGH: ‘Phone Central 4234 SHEFFIELD: ‘Phone 25529 — 

GLASGOW: ‘Phone Central 4595 SOUTHAMPTON: Phone es sont 
HULL: ‘Phone 32381 STOKE-ON-TRENT: ‘Phone Harts 
LIN, 35 Westland Row, "Phone 66597 


REPUBLIC OF IRELAND: DUB 





SMALL & PARKES LTD. H ' 
aay ENDHAM VALE, MANCHESTER 9 ‘Phone COLLYHURST 2511 
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ABOUT _ 

WHAT'S GOING ON! 


PORTS AND DREDGING 


PERIODICAL A source of useful information. 
gr gig PORTS AND DREDGING 


i ~ Tells you what's going on. 
 ] * C * 


HOLLAND 


ood pee-bauitdezs foe GentbelegHs: 


lLH.C HOLLAND © INDUSTRIAL TRADING CORPORATION 
2, VERLENGDE TOLWEG e THE HAGUE * HOLLAND 


WERF CONRAD > Ll: J. & K. SMIT 
AWee feo Kinderdijk 


Haarlem \7/ Fy 
WERF GUSTO V2 / Hc. 3 L. SMIT & ZOON,, 
Schiedam e\) aa/q\ - Kinderdijk 
|b) 4 @) _ aN VERSCHURE 
Sliedrecht a9 Amsterdam 
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BRUNSWICK WHARF 
POWER STATION 
LONDON 
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Photograph by courtesy of 
British Electricity Authority. 


Consulting Engineers: JOHN BRUCE & PARTNERS 
Consulting Civil Engineers: L. G. MOUCHEL & PARTNERS LTD. 
CONTRACTORS FOR: 
POWER STATIONS - DOCK AND HARBOUR WORKS - REINFORCED 
CONCRETE WORKS - TUNNELLING IN FREE AND COMPRESSED AIR - 


EARTHWORKS - RAILWAYS - MAIN DRAINAGE - ROADS - INDUSTRIAL BUILDINGS 
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MOBI 


2:-35 TON 


3-TON “SMITH “” DIESEL MOBILE CRANE, fully revolving 
type; 25-ft. steel jib; solid rubber tyred wheels; ‘’ Fowler *’ 
Diesel Engine. Catalogue reference 79356. At Temple- 
borough Works, Sheffield. 








23-TON “ MORRIS” DIESEL/ELECTRIC MOBILE CRANE, 
cantilever type jib, about 16-ft. long from pivot; “’ Perkins “’ 
Diesel Engine. Catalogue reference 83935. At Temple- 
borough Works, Sheffield. 


2- TON 


2-TON “JONES “ “ SUPER-20” DIESEL MOBILE CRANE, 
fully revolving type, straight channel jib 18-ft. long; 8 H.P. 
‘Ruston’ Diesel Engine; hoisting, slewing and travelling by 
power, derricking manually operated; pneumatic tyred road 
wheels. Catalogue reference 83245. At Templeborough 
Works, Sheffield. 


2-TON “” JONES” “SUPER-20” DIESEL MOBILE CRANE, 
as above, but steel rear wheels and solid rubber tyred front 
wheels. Catalogue reference 83244. At Templeborough 


Works, Sheffield. 


TWO 1-TON “ SMITH “ DIESEL MOBILE CRANES, fixed jib 
i6-ft. centres; 10 H.P. “ Lister ’’ Diesel Engine; pneumatic 
tyred wheels. Catalogue reference 65890/1. At Temple- 
borough Works, Sheffield. 


TWO 1-TON “RANSOME & RAPIER” PETROL, ELECTRIC 
TRUCK MOBILE CRANES, telescopic jib 12/17-ft. long; 


“Fordson ’’ Industrial Engine; platform for carrying load. 
Catalogue reference 83933/4. At Templeborough Works, 
Sheffield. 


PORTABLE CRANES 


15 - CWTS 


15-CWT. “NEALS“’ RAPID PORTABLE PETROL CRANE, 
Model “G“ 15-ft. channel jib; 63 H.P. air cooled petrol 


engine; power hoisting and slewing; hand derricking. 
Catalogue reference 83932. At Templeborough Works, 
Sheffield. 








ANES 


15 - CWTS (onta, 


15-CWT. ““NEALS” RAPID PORTABLE PETROL CRANE, 
Model “’ G,”’ similar to 68131 but with 15-ft. channel jib only. 
Catalogue reference GM. 4516. At Fore Street Works, 
Glasgow. 








15-CWT. “NEALS” RAPID PORTABLE PETROL CRANE, 
type MC. 15, short extension mast jib; power operated hoist- 
ing and slewing motions; 5 H.P. “Lister ’’ Petrol Engine. 
Catalogue reference 73863. At Templeborough Works, Shef- 
field. 


TWO 15-CWT. “NEALS” RAPID PORTABLE PETROL 
CRANES, type MC. 15, 12-ft. jib; power operated hoisting and 
slewing; 5 H.P. ‘’ Lister ‘’ Petrol Engine. Catalogue reference 
71272/3. At Templeborough Works, Sheffield. 


7 - CWTS 


7-CWT. “ ACE” PETROL TRICRANE, fixed jib 4-ft. 6-in. 
radius; 14-ft. lift; 6 H.P. Petrol Engine; pneumatic tyred 
wheels. Catalogue reference GM. 6341. At Fore Street 
Works, Glasgow. 


GRAVITY ROLLER GONVEYOR 


UNUSED GRAVITY ROLLER CONVEYOR, 14-in. wide x 6-in. 
pitch, in 8-ft. straight lengths; angle iron framing. 


RECONDITIONED GRAVITY ROLLER CONVEYOR, |4-in. wide 
x 4-in. pitch, in 8-ft. straight lengths; angle iron framing. 


UNUSED GRAVITY ROLLER CONVEYOR, |4-in. wide = 3-in. 
pitch, in 8-ft. straight lengths; angle iron framing. 


14-in. wide x 6-in. pitch. 


UNUSED 90-DEGREE BENDS, 


UNUSED PORTABLE ADJUSTABLE TRESTLES, two sizes, 
adjustable from 18-in. to 30-in. and from 30-in. to 48-in 


THOS W.WARD LID 


ALBION 


TELEPHONE: 26311 
LONDON OFFICE: BRETTENHAM HOUSE 


(15 Lines) 





WORK E.: 


TELEGRAMS: FORWARD - 


S$ HEF F | Ga 


SHEFFIELD 


LANCASTER PLACE STRAND W.C.2 


LC/17 
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FRODINGHAM 


STEEL SHEET PILING 


April, 1951 


























- . . the most important 
Sheet Piling Contract in 
London since the war. 






see - : 
& 
me 


[hese illustrations show the progress of 
work on the construction of the new mass 
Concrete Granite-faced River Wail on the 
South Bank of the Thames, where many 
hundreds of tons of Frodingham No. 3 
Section Steel Sheet Piling were used. in 
the temporary inter-connected Cotferdams 
which vary from 84' 0” to 126’ 0” long and 
from 14’ 73” to 19° 73" wide with the 
maximum length of piles of 5] 9”. 


This contract was carried out under the 
authority of the London County Council, 
Chief Engineer—J, Rawlinson, Esq., M.Eng. 
M.1.C.E., M.1.Mech.E., M.1.Mun.E. 
Architect — Robert H. Mathew, Esq., 
A.R.1L.B.A., by Messrs. Richard Costain Ltd., Civil Engineering Contractors. 


Frodingham Steel Sheet Piling has been and is being used extensively on 
many other important Civil Engineering Contracts in the country for: River 


Walls; Sea Defence Works ; Wharves, etc., etc. 


Full details of Frodingham Piling are available on request. 


/ 


, ae 








THE UNITED 


COMPANIES L*® 


APPLEBY-FRODINGHAM STEEL COMPANY - SCUNTHORPE - LINCS. 
Branch of The United Steel Companies Limited 

Telephone : Scunthorpe 3411 (9 lines) Telegrams : “‘ Appfrod,’’ Scunthorpe 

a ee aT AT SCSI ERR 


RR) FH 61 
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The worst thing to do with manpower is to waste it in 
wheeling things to and fro, when scientific mechanisa- 
tion can set labour free for productive work. The 
pneumatic and mechanical handling systems developed 
by Simon Handling Engineers Ltd., over the’ past 
half century have been saving both man-hours ‘and 
money in handling materials as diverse as grain, coal, 


Szmon F 


H.S. 14 
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chemicals, nails and ores, to name but a few. One of 
our developments is a master-controller, illustrated here, 
which enables the operator tocontrol anentire pneumatic 
discharging plant from the deck of a ship. Whether 
you have to handle a few tons or hundreds of tons per 
hour, our wide experience of all types of pneumatic 
and mechanical handling systems is at your service. 
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TYPICAL WELDED 
FLOATING CAISSON. 








SCUTTLE 
TANK 
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PART TOPSIDE VIEW. PART PLAN AT "D DECK. 
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All-welded Caissons and Dock Gate 
Vickers-Armstrongs were the pioneers of all-welded construction for 
dock gates and caissons, and long experience of their manufacture, - 
repair, and installation enables them to offer very valuable assistance —_. 


to dock authorities. They supplied the detailed drawings 









for caissons to close one of the world’s largest 
dock entrances, the 150-ft. span of the Captain 
Cook Graving Dock in Australia. The publi- 
cation “‘Dock Gates, Caissons & Pumps’”’ 
gives some examples of the scope of the 
services available. 
































A small ship-type caisson 
being launched at Barrow 
Shipyard. 






Vic 





VICKERS HOUSE - BROADWAY - LONDON »: SWI 





SHIPBUILDERS . ENGINEERS ; AIRCRAFT CONSTRUCTORS 
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RENOLD 


COUPLINGS 


FLEXIBLE COUPLING (SPIDER TYPE) 





Designed for the transmis- 
sion of low horsepowers at 
high speeds, these couplings 
will operate successfully 
under oily conditions and 
will take care of a small 
amount of angular or axial 
shaft displacement. 


































This coupling is suitable for 
dealing with vibration or 
shock due to impulsive 
loads. The torque is trans- 
mitted to -and from the 
flexible disc by alloy steel 
pegs mounted alternately in 
cast iron flanges keyed to 





the shafts. 











An outstanding advantage 
of this form of coupling is 
the ease with which the 
shafts can be disconnected 





by simply removing the 
chain. A cover of smooth 
exterior contains lubricant 
and provides protection 
from dust or grit. 











Write for Catalogue Ref. 116/67 20-A 


Pn THE RENOLD & COVENTRY CHAIN COMPANY LIMITED’ MANCHESTER 
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The photograph shows the most powerful monotower 
crane which we have so far installed. It is a five motor 
electric traveller, fitted with a 100 feet jib and handles 
20 tons at 70 feet radius and 5 tons at the maximum 
radius of 100 feet. A copy of our catalogue containing 


MONOTOWER me 
— request. 








installed at BUTTERS BROS. & CO. LTD. 
SOCIETE ANONYME JOHN COCKERILL MacLellan Street, Glasgow, S.| 


Telephone : IBROX 1141 (6 lines) Telegrams : “‘ BUTTERS, GLASGOW.’ 


HOBOKEN, BELGIUM LONDON : BIRMINGHAM : NEWCASTLE : 
Trafalgar House County Chambers 65, Quayside 
Waterloo Place Corporation St 








XXll 


Tne Dock AND HARBOUR AUTHORITY 


(8 Dredging © Lid 


2 Caxton Street, 
Westminster. London, S.W. |. 
HNVNAVORGAONOUALOUUVANOUANOOUNQUOQOOUNONNANUEEOUOQUONADUVEQUENUENUEAEE 
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THeE-Dock AND HARBOUR AUTHORITY 


DREDGING PLANT 
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6-Yard Oil-Fired Steam Dipper Dredger built for the Greek Government. Output 255 cubic yards of 
cobbles and boulders per hour dumped to a radius of 90 feet and a clear height of 30 feet. 
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To the Largest Dimensions 
and Capabilities. 


PATENT CUTTER HOPPER DREDGERS, 

PATENT DIPPER DREDGERS, BUCKET 

DREDGERS, GOLD & TIN RECOVERY 
DREDGERS, FLOATING CRANES. 


Hopper Barges, Screw Steamers, 
Side and Stern Paddle Wheel 


Steamers, Tugs, Etc. 


New Buckets, Links, Pins, Gearing, 
Etc., supplied for existing Dredgers. 


FLEMING & FERGUSON LTD. 


Phone: Paisley 4121. SHIPBUILDERS & ENGINEERS, PAISLEY, SCOTLAND Tel. Add.: ‘Phoenix, Paisley. 


London Agents: Messrs. NYE & MENZIES Ltd., Capel House, 62, New Broad Street, 


€.C.2 Phone: London Wall 484¢ 










> 
MANGANESE 
STEEL 


** hardest 
to wear” 



























The illustrations show special crossings sup- 
plied to the Steel Company of Wales Limited, 
through the Darlington Railway Plant and 
Foundry Co. Ltd., and Messrs. Dorman, Long 
& Co. Ltd., for use at their Abbey Works, 
Margam, South Wales, where the materials 
track of 100 Ib. B.S.F.B. rail crosses the charger 
track of 375 Ib. F.B. rail carrying an exception- 
ally heavy wheel load with double flanged 
wheels. These crossings were each cast in one 
piece in Edgar Allen Imperial Manganese Steel, 
and supplied perfectly flat to the exact depth 
for bolting direct on to the girders. Some of 
these crossings weighed 1? tons each. 


To EDGAR ALLEN & CO. LTD. 
SHEFFIELD, 9 
Please post ‘* Trackwork’’ data to 


EDGAR ALLEN & CO, LIMITED. 
IMPERIAL STEEL WORKS:-— SHEFFIELD.9 
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CRANES OF ALL TYPES & SIZES 











Two new Electric Coaling Cranes, each of 35 tons lifting capacity, 
recently installed at the Port of Greenock. 


GEORGE RUSSELL & CO., LTD. 


MOTHERWELL, SCOTLAND 
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ELECTRIC WINKER BEACONS 
BATTERY OPERATED 





Rapid flashing character, showing red, green or while light, 
6 MONTHS UNATTENDED OPERATION 
AT LOW MAINTENANCE COST. 
These units are completely self-contained. easily portable and 
suitable for installation on buoys, beacons, dolphins, etc. 
Principal application as channel buoy lights, river and canal 
bank beacons, danger marks and portable emergency lighting. 
Please apply for full particulars 


CHANCE-LONDEX LTD 


30 CURZON STREET, LONDON, W.1 


Teleph : GROs 2791 Cables: CHANDEX LONDON 











FOR 
DREDGING 


RECLAMATION 
AND 


CIVIL ENGINEERING 
WORKS 


HARBOUR & GENERAL 
WORKS Lop. 


173, ST. STEPHEN’S HOUSE, 
VICTORIA EMBANKMENT, 4 


S.W.1 e w/ 














Under Water 


CUTTING 


y= B.O. C.—Siebe, Gorman 
Oxy—Hydrogen Underwater 
Cutting equipment embodies re- 
liability, speed of cutting, ease of 
manipulation, economy in gases 
and efficiency at considerable 
depths. A self-igniting device 
enables the torch to be lighted 
under water. The equipment is 
supplied in a strong chest. 
All other Underwater Appliances, 
including all types of Diving 
Apparatus for Deep and Shallow 
Water, either self-contained or 
supplied with air from the surface 
by pump or air-compressor, Sub- 
marine Lamps, Diver’s Telephone 
Equipment, etc. 


SIEBE,GORMAN & CO.L® 
= EVERYTHING FOR SAFETY EVERYWHERE aoe 


TOLWORTH, SURBITON, SURREY 
Telegrams : Telephor« : 
Siebe, Surbiton Elmbridge 5900 
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DOCK EQUIPMENT 





\n the sure hands \ 
of Experience... 


\ 


DOCK GATES 
CAISSONS 
FLOATING DOCKS 
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SLIPWAYS 


emma HEAD, WRIGHTSON:C°L” 


Riveted Construction THORNABY - ON - TEES 





* The illustration shows a small gate 
leaf being stepped into position after 
launching and towing to the site. 
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Let us quote for repair of— 





CRACKED CASTINGS. 

POROUS, ERODED OR 
WASTED CASTINGS 

BUILT-UP BY OXY-ACETYLENE 
GAS WELDING. 


Many thousands of Castings 
successfully repaired. 


_— 


eet et 


THE BRITISH ARC WELDING CO., LTD. 


ALL ENQUIRIES TO:— 


130/132 LEADENHALL ST., E.C.3 WORKS: ROYAL ALBERT DOCK, E.16 


AVENUE 5361 ALBERT DOCK 2511 
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WEST WOODs Xo JAOG oft 
Mechanical Grabs 
es JOT2IAa 


For a quick 
TURN ROUND 


the port o rf 

Self Dumping Grab—Streamlined—for working 

in ships holds. This design prevents damage BRI T L 
to ship and grab. 


JOSEPH WESTWOOD & CO. LTD. ENGLAND 


Bridge and Constructional Engineers, Manufacturers of Pressed Steel 
Work and Sheet Metal Equipment. Steel Stock Holders. 
NAPIER YARD, MILLWALL, LONDON, E.14 
Tel. : EASt 1043 
































CRANDALL DRY DOCK ENGINEERS, Inc. — 
. | FIRE! 


RAILWAY DRY DOCKS Investigations 

FLOATING DRY DOCKS _ Reports a ia 
—— “i NU-SWIFT? 
BASIN DRY DOCKS Construction The page od a eerie 
PORT FACILITIES Supervision Pressure-operated by sealed CO, Charges 


NU-SWIFT LTD. © ELLAND + YORKS 


* | In Every Ship of the Royal Navy 
238, MAIN ST., CAMBRIDGE, MASSACHUSETTS, U.S.A. | ee en 


Cable Address “CRADOC, Boston” 
























































- STEEL DOORS & ROLLING SHUTTERS 
FOR DOCK STORAGE SHEDS 


JOHN BOOTH & SONS (BOLTON) LTD., BOLTON 
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How Presomet retards 
corrosion of 
iron and steel 


THIS HIGH-GRADE BITUMINOUS PAINT 
MINIMIZES MOISTURE PENETRATION 
AND ELECTROLYTIC ACTION 


Easily and cheaply applied, it is strongly 
adhesive — resists lifting and blistering 
Perfect protection of ferrous metals against corrosion often 
requires methods more elaborate than the cost will justify. 

A very satisfactory degree of protection, even in 
industrial and marine atmospheres, can be given quite 
simply and cheaply by Presomet. Brushed or sprayed on 
a clean, dry, scale-free surface, this high-grade bituminous 
paint gives a coating that is not only mechanically robust, 
but has a specific double action in preventing and 
retarding corrosion. 
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1. Mechanical action. Some v see narra, ens dl 
| 


paint films absorb consider- 
able quantities of water. The 
moisture penetrating the 
film spreads on contact with 
the metal surface (since it 
“wets” metal more readily 
than the paint does). At 
some points, the paint may 
be lifted mechanically into 
a “ bubble.” 
2. Electrolytic action. In 
addition to the mechanical 
effect, the moisture, by elec- 
trolytic action, causes rust 
at any point liable to attack 
—a discontinuity in mill 
scale, or a trace of previous 
pitting. The rust builds up 
and, again, the paint sur- 
face bulges and cracks. 
Presomet absorbs ex- 


. 





v 
OIL PAINT 










RUST 






Moisture absorption. Moisture 
absorbed by ordinary paint 
spreads along the metal surface, 
lifts the paint mechanically, and 
feeds rust which breaks up the 
surface. 


MOISTURE CARRIES CURRENT 
+ | + pile + 


RUST OL PAINT 








AVS YS 
XK ‘as X 
Electrolytic action. Where the 
coating is permeable to moisture, 
pitting is accelerated, with 
destruction of the paint surface. 

NO PENETRATION 


L 


RUSTING RETARDED. PRESOMET 
XXKXX STEEL XXX 

‘STEELX x 
Presomet reduces moisture 
absorption and electrolysis. With 
Presomet applied to a clean sur- 
face, rusting will be absent or 
negligible. And existing rust will 
progress only slowly. 


























tremely little water. It is less 
permeable to water vapour than even rubber preparations 
—and far less than ordinary paints. It adheres strongly to 
metal surfaces and thus resists lifting or blistering tendencies. 


MARINE USES 
Convincing evidence of Presomet’s effectiveness is its 
successful use on steel structures exposed to, or submerged 
in, fresh or even salt water. On and in ships and lighters, 
it is used wherever special anti-fouling properties are not 
required. Free-flowing and quick-drying, it can be applied 
between tides to pier and dock structures. 


Three Grades: Presomet is made in light, medium, and 
heavy grades —the latter for the most severe conditions 
of service. It has great covering power, and is readily 
applied by unskilled labour, forming a glossy black coat 
resistant to wear and rough usage. 


Further information and technical advice on any proposed 
application of Presomet will gladly be given on request. 


PRESOMET 


Manufactured from British coal by 
National Coal Board, By-Products, N.P. Bank Buildings, Docks, Cardiff 


TEL. : CARLISLE 13 & 14 





CRANES 


OF ALL TYPES 
FOR ALL PURPOSES 


5-ton Electric Semi-Portal Level Luffing Jib Cranes 
supplied to Auckland Harbour Bozrd, New Zealand. 


We also manufacture other Railway, Dock and 
Harbour Equipment, including the following : 


SHUNTING & DOCKSIDE CAPSTANS. 
SLIPWAY HAULAGE WINCHES. 
LOCOMOTIVE & WAGON TURNTABLES. 








LOCOMOTIVE, CARRIAGE =e 
& WAGON’ TRAVERSERS. 
WHEEL DROPS. 

a eno mammal 





(OWANS SHELDON cum 


CARLISLE + ENGLAND 


LONDON OFFICE 
AFRICA HOUSE, KINGSWAY, W.C.2 


TEL. : HOLBORN 0268 











XXX 


THE Dock AND HARBOUR AUTHORITY 


April, {951 


Buyers’ Guide for Dock and Harbour Authorities 


For Particulars of Space in this Guide apply to the Manager, 


19, Harcourt Street, London, W.1. 


‘ The 


Dock and Harbour Authority,” 





AIR COMPRESSORS. 
BROOM & WADE, LTD., 

AUTOMATIC WEIGHERS. 
SIMON HANDLING ENGINEERS LTD., 
Heath, Stockport. 


BEACONS & BUOYS 


High Wycombe, Bucks. 


Cheadle 


CHANCE- LONDEX, LTD., 30, Curzon Street, 
London, W.1 
GAS ACCUMULATOR CO. (U.K.), LTD., Beacon 


Works, Brentford, Middlesex. : 
McNEIL, WILLIAM & CO., LTD., 125, West 
Regent Street, Glasgow. 

BOILERS. 
BABCOCK & WILCOX, LTD., Babcock House, 
Farringdon Street, London, E.C.4. 

Sashes & CLUTCH LININGS. 

MALL & PARKES, LTD., Hendham Vale. 

ML: inchester, 9. 

BRIDGEBUILDERS & BRIDG og 
ARROL, SIR WM., & CO., LTD., Glasgo 
BOOTH, JOHN, & SONS (BOLTON), LTD. ‘Hulton 
Steel Works, Bolton. 
BRAITHWAITE & CO.. SNGINEERS. _ LTD., 
Dorland House, 14/16, Regent Street, S.W.1. 


LTD., Middlesbrough. 


DORMAN LONG & CO., 
LTD., Motherwell, 


FINDLAY, ALEX., & CO., 
Scotland. 


BUFFERS FOR DOCK FENDERS. 


TURTON, GEO., PLATTS & CO., LTD., Meadow 
hall Road. Sheffield. 
CAISSONS. 


& CO., LTD., Glasg' 


ARROL, SIR WM., 
LTD., Thornaby- on- 


— WRIGHTSON & CO., 


v ICKE RS-ARMSTRONGS, LTD., 
Broadway, London, S.W.1. 


CAPSTAN 
ARROL, Sor we, & CO., LTD., Glasgow. 
BABCOCK & WILCOX, LTD., Babcock House, 
Farringdon Mo, London, E. 
COWANS, SHELDON & CO., LTD., Carlisle. 
STOTHERT & PITT, LTD., Bath. 


CHAIN CONVEYING. 
CHAIN DEV oe oa LTD., Albion 
West Bromwich, Staf 
RENOLD & COVENTRY CHAIN CO., LTD 
Manchester. 


CIVIL ENGINEERING CONTRACTORS. 
MARPLES, RIDGWAY & PARTNERS, 
2, Lygon Place, Grosvenor Gardens, S.W.1 

CONCRETE & CONCRETE MIXING PLANT. 
ATLAS STONE - LTD., Artillery 

1 


Artillery Row., S.W.1. 
BRITISH STEEL PILING CoO., LTD., King’s 
London, S.W.1. 


House, Haymarket, 
CEMENTATION CO., LTD., Bentley Works, 


Don 
caster. 
CONCRETE DEVELOPMENT CO. LTD., Thorney 
Lane, Iver, Bucks. i 


STENT PRECAST CONC RETE, LTD., 
Street, London, S.W.1. 
STOTHERT & PITT, LTD., Bath. 


CONVEYORS. 


BABCOCK & WILCOX, 
Farringdon Street, 


Vickers House, 


Road, 


LTD., 


House, 


1, Victoria 


LTD., Babcock House, 
London, E.C.4. 
ENGINEERS LTD., 


SIMON HANDL ING Cheadle 
Heath, Stockpor 
— PMELKSHAM), LTD., Melksham, 


STOTHERT & PITT, LTD., Bath. 


CRANES. 
ANDERSON-GRICE, co., 
Engineering Works, Carnoustie, Scotland. 
ARROL, SIR WM., & CO., LTD., Glasgow. 
BABCOCK & WILCOX, "LTD Babcock House, 
A pe Street, London, E.C.4 
BOOTH, JOSEPH, & BROS., Rodley, Leeds. 
BUTTERS BROS. & CO., LTD., MacLellan Street, 
Glasgow, S.1. 

CLYDE CRANE & ENGINEERING CO., Mossend, 


Scotland 
COHEN, GEORGE, SONS & CO., ae. (JONES 
LTD., Carlisle. 


CRANES), Wood Lane, London, W.12 
COWANS, SHELDON & CO., 

INDUSTRIAL TRADING CORPORATION, “ HOL- 
LAND, 2, Verl. Tolweg, The Hague, Holland. 
poe ng 4 ale & CO., LTD., Plant House, Ealing, 
ondon, 

RANSOMES & RAPIER, LTD., Waterside Works, 
pswic 

RANSOMES, SIMS & JEFFERIES, LTD., Orwell 
Works, Ipswich. 

RUSSELL, GEORGE, & CO., LTD., Motherwell, 

Scotland. 

fo oe ne, & SONS (RODLEY), LTD., 
Rodley, 

STOTHERT e PITT, LTD., Bat 

WELLMAN SMITH OWEN ENGINEERING COR- 

PORATION. LTD., Parnell House, Wilton Road, 

London, S.W.1. 


LTD., Taymouth 


DOCK GATES. 
ARROL, SIR WM O., LTD., Glasgow. 
= WRIGHTSON & CO., LTD., Thornaby-on- 


VICKERS- ARMSTRONGS, LTD., Vickers House, 

Broadway. Londcn, S.W 1 
DIVING APPARATLS. 

SIEBE, GORMAN & CO., LTD., 

ton, Surrey. 


DREDGE PLANT. 
FERGUSON BROS 
Newark Works, Port Glasgow, 
FLEMING & FERGUSON, LTD., Phoenix Works, 
Paisley, Scotland. 

INDU STRIAL TRADING CORPORATION “ HOL 
LAND.” 2, Verl. Tolweg, The Hague, Holland. 
LOBNITS’ & CO., LTD., Renfrew, Scotland. 


Tolworth, Surbi- 


(PORT GLASGOW), LTD., 


Scotland. 


PRIESTMAN BROS., LTD., Holderness Engineer- 
ing Works, Hull. 
SIMONS, WM., & CO., LTD., Renfrew, Scotland. 


DREDGING CONTRACTORS. 
DREDGING & yc st hy alg COo., LTD., 9, New 
Conduit Street, King’s 
HARBOUR & GENER vd WORKS, LTD., 173, St. 
as House, Victoria Embankment, London, 
JAMES CONTRACTING & SHIPPING CO., LTD., 
James Wharf, Southampton. 
KALIS, K. L. SONS & CO., LTD., Stone House, 
Bishopsgate, London, E.C.2. 


NASH DREDGING & RECLAMATION CO... LtD., 
Palace Chambers, Bridge Street, Westminster. 


London. S.W.1. 
TILBURY CONTRACTING & DREDGING CO., 
Westminster, London, 


LTD., 2, Caxton Street, 
LTD., 7-8, 


WESTMINSTER DREDGING CO.. 

Norfolk Street, Strand, London, W.C.2. 
DRY DOCK ENGINEERS. 

CRANDALL DRY DOCK ENGINEERS, INC., 238, 

Main Street, Cambridge, Mass., U.S.A. 


ELECTRIC MOTORS. 
FfNGLISH ELECTRIC CO.., 
Kingsway, London. W.C.2 

ELEVATORS. 


SIMON HANDLING ENGINEERS LTD., Cheadle 
Heath, Stockport 


rt. 
SPENCER (MELKSHAM), LTD., 
Wilts. 

EXCAVATORS. 


PRIESTMAN BROS., LTD., 
ing Works, Hull. 
RANSOMES & RAPIER, Ltd., 


Ipswich. 
SMITH. THOMAS & SONS (RODLEY), 
Rodley, Leeds. 


STOTHERT & PITT, LTD., Bath. 
FIRE EXTINGUISHERS. 
NU-SWIFT, LTD., Etland, 
FIREPROOF DOORS. 
BOOTH, JOHN, & 
Hulton Steel Works, 
GRABS. 
BABCOCK & 


| a Queen’s House, 


Melksham, 


Holderness Engineer- 
Waterside Works, 


LTD., 


Yorks. 


SONS 
Bolton. 


(BOLTON), LTD., 


WILCOX, LTD., Babcock House, 


Farringdon Street, London, De " 
tag Adena | —_— LTD.,’ Holderness Engineer- 
ing Works, Hul 
RANSOMES: & R APIER, Ltd., Waterside Works, 
Ipswich. 
STOTHERT & PITT, LTD., Bath. 
WESTWOOD, JOSEPH, & CO., LTD., Napier 
Yard, Millwall, London, E.14. 

GRAIN HANDLING MACHINERY. 
SIMON ——— ENGINEERS LTD., Cheadle 
Heath, Stockpor 
SPENCER PMELKSHAM), LTD., Meiksham, 
Wilts. 

HYDRO-SURVEYS. 
KELVIN & HUGHES es yx mt LTD., 107, Fen- 


church Street, London, E.C.3 


LIFTS AND HOISTS. 
BABCOCK & WILCOX, Ltd., 
Farringdon Street, London a. 
SIMON HANDLING ENGINEERS LTD., 


Heath, Stockpor 
STOTHERT & L PITT, LTD., Bath. 


LOCOMOTIVES. 


= W. G., LTD., 
Stafford 


HUNSLET a co., LTD., Hunslet 
Works, Leeds, 

MARINE LIGHTING. 
CHANCE-LONDEX, LTD., 30, 


London, W.1. 
GAS ACCUMULATOR CO. (U.K.), LTD., Beacon 
Works, Brentford, Middlesex. 


Babcock House, 
Cheadle 


Castle Engine Works, 


Engine 


Curzon Street, 


MATERIALS HANDLING EQUIPMENT. 
ARROL, SIR WM., & CO., LTD., Glasgow. 
BABCOCK & WILCOX, te Babcock House, 
Farringdon Street, London, E.C.4. 
CONVEYANCER FORK TPRUCK CO. (Division 
of Electro Hydraulics Ltd.), Warrington. 
SIMON HANDLING ENGINEERS LTD., Cheadle 


Heath, Stockport. 
SPENCER (MELKSHAM), LTD., Melksh m, 
Wilts. 
STOTHERT & PITT, LTD., Bath. 
PAINT. 


NATIONAL COAL BOARD, BY-PRODUCTS, N.P., 
Bank Buildings, Docks, Cardiff 


PILE DRIVING PLANT 


BRITISH STEEL PILING CO., LTD., King’s 

House, Haymarket, London, S.W.1. 
PILING-STEEL SHEET. 

APPLEBY- FRODINGHAM STEEL CO., Scun- 

thorpe, Linc 

BRITISH STEEL PILING CO., LTD., King’s 

House, Haymarket, London, S.W.1. 

DORMAN LONG & CO., LTD., Middlesbrough. 


PNEUMATIC TOOLS & EQUIPMENT. 
BROOM & WADE, LTD., High Wycombe, Bucks. 
CONVEYANCER FORK TRUCK CO. (Division 
of Electro Hydraulics Ltd.), Warrington. 
PUMPING MACHINERY. 
FERGUSON BROS. (PORT GLASGOW), 
Newark Works, Port Glasgow, Scotland. 
GWYNNES PUMPS, aaa Chancellor’s Road, 
“Hammersmith, Londo W.6. 
STOTHERT & PITT, "LTD. Bath. 


RADAR. 
COSSOR RADAR, LTD., Cossor House, Highbury 
Grove, London, N.5. 

RADIO TELEPHONY. 

THE GENERAL ELECTRIC CO., 
House, Kingsway, W.C.2. 


LTD., 


LTD., Magnet 


RAILWAY PLANT. 
ALLEN, EDGAR & CO., LTD., 
Works, Sheffield, 9. 
— & RAPIER, LTD., Waterside Works, 
Ipswich. 
SUMMERSON, THOMAS & SONS, LTD., Darling- 
ton. 
WARD, THOS. W., LTD., Albion Works, Sheffield. 


REINFORCED CONCRETE ENGINEERS. 


Imperial Steel 


BRAITHWAITE & CO., ENGINEERS, LTD., 
Dorland House’ 1 ors. Regent Street, S.W.1. 
CHRISTIANI & NIELSEN, LTD., 54, Victoria 


Street, London, S W.1. 

DREDGING & CONSTRUCTION co. tz, B 
New Conduit Street, King’s L 
LIND, PETER & Ss LTD. 
Stratton Street, London, W. 


SHUTTERS—ROLLER. 


"Stratton House 


BOOTH, JOHN & SONS (BOLTON), LTD., 
Hulton Steel Works, Bolton. 

SLIPWAY MACHINERY. 
COWANS, SHELDON & CO., LTD., Bolton. 


STEEL REINFORCEMENT MANUFACTURERS. 
McCALL & CO. (SHEFFIELD), LTD., P.O. Box 


41, Templeborough, Shetfield. 

STRUCTURAL ENGINEERS. 
ARROL, SIR WM., & CO., LTD., Glasgow. 
BOOTH, JOHN, & — (BOLTON), Ltd., 
Hulton Steel Works, Bolto 
BRAITHWAITE & CO., " ENGINEERS. Fy gy 
Dorland House, 14/16, Regent Street, S.W.1 
FINDLAY, ALEX & CO., LID., Motherwell, Scot- 
land. 

TRUCKS. 
CONVEYANCER FORK TRUCK CO. (Division 


of Electro Hydraulics Ltd.), Warrington. 

RANSOMES, SIMS & JEFFERIES, LTD., Orwell 

Works, Ipswich. 
TUGS. 

JONES, E. C. & 

Brentside Wharf, 
WEIGHING MACHINES. 

SIMON HANDLING ENGINEERS LTD., Cheadle 

Heath, Stockport. 


WELDING. 
THE BRITISH ARC WELDING CO. LTD. ,120- 
132, Leadenhall Street, London, E.C.3 


WINCHES. 
ARROL, SIR WM.. & CO., LTD., Glasgow. 
BABCOCK & WILCOX, LTD., Babcock House, 
Farringdon Street, London, E.C.4 
STOTHERT & PITT, LTD., Bath. 


SON LTD. 


Brentford, 


(BRENTFORD), 
Middlesex. 
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PUSHING 







TOWING 


“BANTAM BOATS” 


(British & Foreign Patents) 


Z ; “4 “ ~ Fulfil Either Function Equally Well and -_ SSS 
Keep Craft a2) PJ <G 


Overcomes all disadvantages of the Motor Barge and at the same time improves on its efliciency 
The Propulsion Unit can be un-coupled in a matter of seconds and is then free to pick up another Barge. 
Especially suitable in Confined Channels and Non-Tidal Waters. But not suitable for certain Dock Work. 
Can virtually increase the carrying capacity of your present barge Fleet by as muchas 30%, by spseding Craft Movements 


We GUARANTEE a considerable all-round saving by the adoption of the ‘Bantam System. The extent of the 
saving will depend upon local conditions, but can be accurately calculated. Why not write to us for further particulars ? 


E.C. JONES & SON “te been YE yup, MIDOLES! 


(Brentford) LTD. af 


oo. 


8 


NASH DREDGING & RECLAMATION C? L” 


PALACE CHAMBERS, BRIDGE STREET, WESTMINSTER, S.W.1 


Telegrams: Deepening, Phone. London Telephone : Whitehall 2423 











Mg 
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ae 


ee -* » ee 
SUCTION HOPPER DREDGER “PORT OF §& 
Deepening the Entrance Channel to Dublin for the Dublin Ports and Docks Board, 1947 


MODERN DREDGERS AND AUXILIARY PLANT OF EVERY DESCRIPTION 
FOR SALE AND CHARTER 


ESTIMATES GIVEN FREE AND CONTRACTS UNDERTAKEN FOR DREDGING AND RECLAMATION 
ny IN ANY PART OF THE WORLD 
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| BARGES FOR ALL . 
SERVICES: 














build all types of 
barges, all-welded or 
rivetted, self-propelled or 
non-propelled, to any 
size. They can be supplied 
afloat or dismantled for 


re-erection at site. 


—_—_ 


One of two S.S. 900-ton Ho>pper Barges 
built for a well known British Port Authority. 


THE NAME TO REMEMBER IN DREDGING 





aoe: 0 ie ay 4 SE ot oS a SCOTLAND. RENfrew 22/6. 


LONDON 5:62 MONarch 5/0/ 

























APRIL 30—MAY II 
CASTLE BROMWICH 
BIRMINGHAM 


At Docks and Harbours throughout Britain Jones Mobile 
Cranes are speeding up the handling of goods and are thus 
making an important contribution to the export market. 


Operating and maintenance costs for Jones Cranes are 
negligible, whilst their ability to stack high makes them 
most suitable for dock work of many kinds. We should 
be pleased to send you, on request, full details of the whole 
range of Jones Mobile Cranes which includes: 
ae = KL1S.... for loads up to 15 ewt. 
ae = A... oe loads up to 2 tons. 

: KL44.... for loads up to 4 tons. 
KL66.... for loads up to 6 tons. 


sone Aganes 






© Anartist’s impression of a KL 44 at work in the dock-yards 


DHA/$§11/,1. 
~ printed by Wurd & Foxlow, Lid.. and vublisned by Foxlow Pubi.cations. lid. at 19, tiarcourt Street, london, W.1. 
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